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GAS ANALYSIS 


PART I 

The Analysis of Gases 

Ex. I. — To measure a definite volume of air in 
the Hempel burette. 

The Hempel gas burette (fig 1) consists of two tubes, 
A and B, each mounted on a heavy iron foot, and having 
side tubes, a and &, which are joined by a long piece of 
thick-walled rubber tubing c The tube A is the measur- 
ing tube, and is calibrated to 100 cu. cm , each cubic 
centimetie being again subdivided into ^ cu cm The 
calibration begins just above the iron foot, and the tube 
is etched in such a way that the figures, counting from 
the bottom, read from 0-100 on the one side and from 
100-0 on the other. The tube B is not calibrated, and is 
known as the levelling tube. The measuring tube ends in 
a short length of glass capillary tubing, to which a piece 
of thick-walled black rubber tubing d is firmly attached 
by a ligature In order to measure a definite volume 
of air (100 cu cm.) at the prevailing temperature and 
pressure, by means of this appai'atus, distilled water at 
room tempeiature is first poured into the levelling tube, 
until both tubes are about half full On pouring in the 
water, air bubbles are often trapped in the connecting 
tubing c, and these may easily, in the course of an 
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analysis, find their way into the measuring tube, an^ 
so vitiate the result. In order, therefore, to remove any 
air bubbles which may be present, the tube c must be 
squeezed between the thumb and forefinger, commencing 
at either a or 6 and continuing along 
to the opposite end. When all the 
air is removed the tubing d is closed 
with a pinchcock, which should be 
placed as near to the end of the glass 
capillary as possible. 

The levelling tube is now raised 
with the left hand and the pinchcock 
opened with the right, until the water 
completely fills the measuiing tube 
and begins to overflow through d, 
when the pinchcock is closed. The 
whole appaiatus from the end of the 
tube d to the surface of the levelling 
tube is now completely filled wubh 
water, and is ready to receive the gas 
to be measured. 

The levelling tube, after pouring 
away the greater poition of the water 
it contains, is then placed on the floor, 
and the pinchcock cautiously opened. 
Air streams into the measuring tube, 
displacing the water into the levelling 
tube Eather more than 100 cu. cm 
should be allowed to enter, the pinchcock then closed, 
and the levelling tube placed on the bench 

The apparatus is now allowed to remain at rest for 
about 6 min. (the time being preferably measured by a 
sandglass), to allow time for the liquid adhering to the 
walls of the tube to collect together and run to the 
bottom. 
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If the reading is taken immediately, and the volume adjusted 
to 100 cu cm without allowing time for the liquid adhering to 
the sides to collect together, this liquid will subsequently run to 
the bottom, and the volume actually measured will be less than 
400 cu cm (see Ex 2) 

In order to measure exactly 100 cu cm. of air at the 
prevailing temperature and pressure the eye is brought 
to the level of the 0 or 100 mark, and the tube c com- 
pressed between the fingeis in the neighbourhood of a 
until the liquid stands exactly at the 100 mark. The 
measuring tube now contains exactly 100 cu cm of air 
at the prevailing temperature, but under a pressure 
greater than atmospheric piessure To coirect this over- 
pressure the pinchcock is opened for a moment, the 
tube G being kept closed The excess of air thus escapes, 
and the gas now stands under the required conditions 
of temperature and pressure To confirm this, the 
burette is held by the iron suppoits, care being taken 
not to touch the measuring tube with the hands, so that 
the lower edges of the meniscus in measuiing and level- 
ling tubes are exactly level and the whole raised to the 
level of the eye. The lower edge of the meniscus in the 
measuring tube should then stand exactly at the 100 
mark, if this is not the case the experiment must be 
repeated. In a similar way 50, 75, &c., cu cm. of air 
should be measured 

If the measuring tube be touched with the hands the enclosed 
gas will be warmed, and its volume will be consequently mcreased. 
According to Gay-Lussac’s law, all gases expand of their 
volume at 0° for each 1° rise in tempeiatuie 

If 100 cu cm of air aie enclosed in the measuiing tube, and this 
be waimed only 1° by contact with the hands, the resulting error 
will amount to nearly 0 3 per cent by volume. 

If a gas other than air is to be measured, the tube d 
is attached to the source of this gas, which is allowed to 
stream into the measuring tube. The subsequent pro- 
cedure is then exactly as described above. 
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Ex. 2. — To determine the amount of error intro- 
duced by not allowing the liquid over which the 
gas is measured sufficient time to collect. 

The measuring tube of a Hempel burette is completely 
filled with water, as described in Ex 1, and as much 
water as possible poured out of the levelling tube The 
latter is then placed on the ground, and about 85-95 
cu cm of air allowed to stream into the measuring tube 
by opening the pinchcock 

The burette is then grasped by the iron stands, the 
level of the liquid in the two tubes adjusted to the same 
height when held at the level of the eye, and the volume 
of air read off as quickly as possible. After recording 
the volume the apparatus is allowed to remain quietly 
for 6 min. (using sandglass), and the volume of gas 
read off again in precisely the same way. It will be 
observed that between the two readings there is a differ- 
ence which may even amount to as much as 1 cu, cm. 
Before, therefore, reading off the volume of a gas in any 
measuring vessel, sufficient time must be given to allow 
of the liquid, over which the gas is measured, to collect 
on the walls and run down the sides of the tube, other- 
wise erroneous results will be obtained. 

With aqueous liquids 5 min is usually sufficient, but 
if the liquid be strongly alkaline then a longer time 
must be allowed, as strong solutions of caustic soda or 
potash, being less mobile, require longer to run together' 
and flow down the walls If mercury, however, is the 
liquid there is no necessity to wait, as this substance 
has no tendency to adhere to the glass walls of the tube. 

Ex. s.^Determination of the amount of oxygen 
in the air by means of the Hempel burette and an 
alkaline solution of pyrogallol. 

Exactly 100 cu. cm. of air are first measured in a 
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Hempel burette. The levelling tube is then placed on 
the ground level, the rubber tubing compressed tightly 
near to the end of the levelling tube, and as much water 
possible poured away. Care must be taken that 
sufficient liquid lemains to seal the end of the side tube 

The absorption reagent is now prepared by mixing 
together in a small flask 15 cu. cm. of an aqueous solu- 
tion of pyrogallol (5 g pyrogallol + 15 cu. cm water) 
and 50 cu. cm. 60-per-cent caustic potash solution 
This mixture is then poured into the levelling tube In 
order now to bring this reagent into contact with the 
air enclosed in the measuring tube the burette is giasped 
by the iron feet, and the levelling and measuring tubes 
alternately raised and lowered as far as the length of 
the rubber tubing joining them will allow. In this way 
the reagent is gradually transferred to the measuring 
tube, which is recognizable from the colour of the solu- 
tion. 

When a quantity of reagent has thus been brought 
into the measuring tube this is lowered as much as pos- 
sible, the levelling tube remaining on the bench, and the 
connecting tubing closed by a clip as near to the end 
of the former as possible. The point of the measuring 
tube is now raised and lowered several times, so that 
the reagent flows up and down the tube, wetting the 
walls of the tube thoroughly, and coming into intimate 
contact with the gas. The oxygen is gradually absorbed, 
and the pressure in the tube falls On opening the clip 
on the connecting tube, therefore, a further amount of 
reagent enters, and this is also brought into intimate 
contact with the gas in the manner described. 

This operation is continued until the whole of the 
oxygen is apparently absorbed The apparatus is then 
allowed to remain at rest for at least 5 min., and the 
volume read off in the usual way. The reagent is again 
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brought into intimate contact with the gas by inclining 
the tube for some time, and after waiting again for 5 min. 
the volume is again read off. The first and second 
readings should agree exactly, otherwise the operation 
must be repeated, until the volume of the gas shows no 
further diminution, after thoroughly shaking with the 
reagent The difference between the original volume 
and the volume of the residual gas gives the volume 
of oxygen which has been absorbed. As the original 
volume of air taken was exactly 100 cu. cm , the diffei- 
ence gives the oxygen content of the air direct in per- 
centage by volume 

Result — This should not be less than 20 2, or greater 
than 20 4 per cent oxygen by volume. 

The pyrogallol used for absorbing oxygen is a white 
crystalline substance readily soluble in water. Chemi- 
cally it is 1, 2, 3 tri-hydroxy-benzene. 


OH 



An aqueous solution of pyrogallol is not able to absorb 
oxygen until an alkali has been added, when oxygen is 
greedily absoibed. Pyrogallol dissolves in a perfectly 
air-free solution of caustic potash giving a colourless 
solution, but if a trace of oxygen be present the solution 
becomes violet and ultimately an intense brownish- 
black. This reaction may be used to detect traces of 
oxygen. Potash which has been purified by means of 
alcohol cannot be used in the preparation of alkaline 
pyrogallol, as Hempel has proved that this always gives 
wiong reslilts. The absorption of oxygen by alkaline 
pyrogallol is greatly influenced by temperature, which 
should never be lower than liT'*. At T the reagent is 
distinctly less active. The chemical reactions which are 
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involved in the absorption of oxygen by an alkaline solu- 
tion of pyrogallol are even yet completely unknown. 

^ Ex. 4. — Estimation of carbon dioxide in a mixture 
of carbon dioxide and air, using the Hempel burette. 

The absorption liquid used in this experiment is an 
aqueous solution of caustic potash. 20-30 cu. cm of 
carbon dioxide, obtained from a Kipps' apparatus, are 
measured in a Hempel burette over water which has 
previously been saturated with this gas. 

As carbon dioxide is distinctly soluble in water, it is necessary 
to measure it over carbon dioxide water, 1 e over water which has 
been previously saturated with the gas If distilled water were 
used, the gas would be continuously dissolved, so that no exact 
measurement would be possible 

To bring the gas into the burette a piece of rubber 
tubing attached to a short length of glass tubing with 
a right-angle bend is connected to the delivery tube of 
a Kipps’ apparatus 

The gas is allowed to stream through this for a short 
time to displace air, and then the other end of the glass 
tube, whilst the gas is slowly issuing, is slipped into the 
end rubber connection of the burette, which together 
with the burette itself has previously been completely 
filled with carbon dioxide water. By opening the pinch- 
cock the required amount of caibon dioxide is allowed 
k) stream into the burette. The tap of the gas generator 
is then closed, and the delivery tubes removed. After 
waiting 5 mm. the volume of gas in the measuring tube 
is read off 

As much water as possible is then poured out of the 
levelling tube, and this placed on the ground le\^el. The 
pinchcock is then cautiously opened, and air diawn into 
the burette until the 100 mark is nearly reached. After 
waiting 5 min. the total volume is read off. 
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A further quantity of water is now poured out of the 
levelling tube, and replaced by the absorption reagent 
(40 cu. cm. dilute potash solution), and this is brought 
into intimate contact with the gas mixture exactly as 
described in the previous exercise. 

Example — 


Volume of CO 2 measured 

... 23*4 cu cm. 

Total volume 

... 96 8 „ 

After absorption with KOH ... 

... 73 6 „ 

CO 2 found = 968 - 736 

... 23 2 „ 

Error 

... 0-2 „ 


The absorption of carbon dioxide by caustic potash 
takes place much more rapidly than the absorption of 
oxygen by alkaline pyrogallol. When suflScient reagent 
has been transferred to the measuring tube, it is only 
necessary to incline the tube up and down three or four 
times to ensuie complete absorption 

Ex, 5, — To prove that an error is introduced by 
measuring carbon dioxide over water which has 
not previously been saturated with this gas. 

About 20 cu cm of carbon dioxide are first measured 
accurately in a Hempel burette over distilled water. 
The connecting tube is then closed by compressing 
between the fingers, as close to the measuring tube as 
possible, and the gas brought into intimate contact with 
the liquid by raising and lowering the point of tl)^ 
burette several times. After standing for some time the 
volume of gas is again read off, when a considerable 
diminution in volume will be observed If the gas and 
liquid be shaken together sufficiently long, the carbon 
dioxide will almost completely disappear. It is obvious 
from this experiment that if carbon dioxide, or gases 
containing carbon dioxide, are to be measured, the liquid 
over which they are confined must first be saturated 

( 0624 ) 
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with carbon dioxide If large quantities of a gas mix- 
ture to be analysed are available, it is best to measure 
the gas over water previously saturated with it. 

^hat has been said of ^ 
carbon dioxide holds equal- 
ly good for other gases 
or mixtuies of gases, e.g. 
acetylene or coal gas, which 
are more or less soluble in I 

water. An experiment I 

which is the reverse of i 

the one here illustrated is i D 

described in Ex 9. f ,;4l=======i^ 



Ex. 6. — To transfer lOO cu. cm. of air from the 
Hempel burette to the Hempel gas pipette, and 
to return it to the burette. 

The Hempel gas pipette consists of two glass bulbs 
a and h (fig. 2), which are connected by a bent tube c. 
The bulb a holds about 100 cu. cm. and h about 150 

(0 624) 2 
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cu cm. A capillaxy tube d with seveial bends is fused 
on to 6, and a short piece of thick-walled rubber tubing 
is attached to the end of this The whole apparatus is 
mounted on a wooden or iron stand 

To carry out the experiment 100 cu cm of air are 
first accuiately measured over distilled water in a 
Hempel burette The gas pipette is then filled with 
water, and the rubber end tube closed by a pinchcock as 
neai to the end of the capillary tube as possible A 
capillary connection tube is then inserted into the rubber 

tube, and firmly fastened 
with a ligature of wet 
twine 

The capillaiy connection 
consists of a glass capillary 
4 tube bent twice at right 

angles, and having the ends 
thickened somewhat, so that they may not readily slip out of the 
rubber tubes m which they are to be inserted (fig 4) 

A quantity of air will be enclosed m the capillary 
tube d of the pipette and in the capillary connection, 
and this requires to be lemoved. To do this the pinch- 
cock is opened, and the pipette held obliquely with the 
capillary underneath Water will then siphon over and 
displace the air in the tube. A few drops of water 
are allowed to fall to ensure that all an is displaced, 
the pinchcock closed, and the pipette returned to -ats 
original position. If there should, however, be a large 
air bubble in the bulb this cannot be removed com- 
pletely m this manner. It must be removed by opening 
the pinchcock, and blowing into the bulb a until all air 
is rembved. It is necessaiy to observe very carefully 
that no air bubbles remain in the capillary, and when 
this is really the case the pipette is ready to be con- 
nected with the burette. Before, however, inserting the 
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glass capillary connection into it, the rubber endpiece 
of the burette must first be completely filled with water. 
This is done by inserting a little bent glass pipette filled 
w*th water as far as possible into the rubber tube 

The little pipette (fig 5) consists of a short piece of glass tubing 
drawn out to a fine point and bent at right angles It is advisable 
always to keep the pipette m a dish of water or dilute acetic acid, 
so that it IS ready for immediate use 

It is not advisable to fill the tube by blowing in water 
from a wash-bottle, as this is liable to cause air bubbles 
to be entangled. 

After filling the end tube 
with water, the burette is 
stood upon a low stool, and 
the pipette upon the table, 
so that the tubes which are 
to be connected may be at 
the same level This can easily be adjusted by means 
of wooden blocks The capillary connection of the 
pipette is then pushed into the tubing of the burette as 
far as possible, and the connection made secure with a 
wet ligature (fig 3) The levelling tube is now completely 
filled with water, the pmchcock of the pipette released 
so that it hangs loosely on the stand, and the levelling 
tube raised high with the left hand, at the same time 
opening the pmchcock of the burette with the right 
imnd. The measured quantity of air in the burette is 
thus forced over into the pipette, the pinchcock being 
kept open until water just begins to enter the pipette, 
which now contains the 100 cu cm. of air measured 
To return the' air to the burette the levelling tube is 
placed on the ground, and the pinchcock of the" burette 
opened until the air has been drawn back again and 
water begins to enter the burette, after completely 
filling the connections. The pinchcock of the pipette 



Fig 5 
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is now closed, so that when the latter is disconnected the 
capillary tube remains filled with water The ligature 
on the burette is then removed, and the capillaiy con- 
nection withdrawn After waiting 5 min the volume 
of air in the burette is again read off* The volume 
should still be exactly 100 cu. cm , otherwise the exercise 
must be repeated. 

Ex. 7. — Determination of the amount of oxygen 
in atmospheric air by means of the Hempel burette 
and pyrogallol pipette. 

The pyrogallol pipette (fig. 6) used in this experiment 

is really a double 
Hempel pipette. It 
consists of the sim- 
ple Hempel pipette, 
to which a second 
pair of bulbs has 
been fused. These, 
like the fiist, are 
filled with an al- 
kaline solution of 
pyrogallol, and serve 
the purpose of pro- 
tecting the absorp- 
tion reagent in the 
first bulbs from the 
action of the oxygen of the air. Such compound 
pipettes are always used when the reagent is easily 
affected by atmospheric oxygen To carry out the 
determination 100 cu cm. of air are first measured 
aceurafely in a Hempel burette over distilled water. 
The burette is then connected with the absorption pipette 
exactly as described in the previous exercise, the air 
transferred into the pipette, and the pinchcock of the 
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burette closed If the pipette be allowed to stand 
quietly, absorption of oxygen will slowly take place 
To accelerate the rate of absorption the air must be 
brought into intimate contact with the reagent To do 
this the top of the buiette is held by the left hand, and 
the pipette by the right hand, and the latter shaken 
vigorously for about 5 min {Use sandglass) The 
residual gas is then returned to the burette, and the 
latter disconnected. After waiting for 5 mm the volume 
of gas IS read otf The buiette must now be again con- 
nected with the absorption pipette, the gas transferred 
to it, vigorously agitated with the leagent for another 
minute, and then returned to the burette The volume 
is again lead off, and should agree with the volume fiist 
read off If this is not the case, the gas must be again 
shaken in the pipette 

Result should be 20 4 to 20 7 per cent oxygen 

In all cases when a gas constituent is absoibed in the Hempel 
pipette it IS advisable to shake the gas twice with the reagent, 
reading off the volume of unabsorbed gas after each shaking 
Only in this way can one be quite certain that the absorption is 
quite complete A second shaking may, however, be dispensed 
wuth in the case of the potash pipette, as carbon dioxide is exceed- 
ingly readily absorbed by caustic potash 

The reagent used in the pipette is prepared by mixing 
a solution of 5 g pyrogallol in 15 cu cm. water with 
120 g caustic potash dissolved in 80 cu cm water, the 
sfilutions being preferably mixed in the pipette itself. 
According to Hempel such a solution has an absorption 
value of 2 to 2|, i e. 1 cu cm. of this solution will absorb 
with certainty 2 to cu. cm. oxygen The analysis of 
a gas mixture by the aid of both burette and pipette has 
the advantage over the burette alone that thb gas is 
always measured over the same liquid. It can leadily 
be proved that the volume of a gas is not only dependent 
on temperature and baiometric pressuie, but also on the 
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nature of the liquid over which the gas is measured. 
The volume of a gas measured over a liquid is always 
greater than the volume of the same weight of gas, 
under the same conditions of temperature and barometiic 
pressure but absolutely dry This increase of volume is 
dependent on the vapour piessure, or tension of the 
liquid over which the gas is measured The tension of 
a liquid depends upon its chemical composition, and also 
upon the tempeiatuve, but is independent of the baio- 
metric pressure If, foi instance, the volume of a quantity 
of gas be measured over water, and then over a satu- 
rated solution of calcium chloiide, the volume will be 
smaller in the second case than in the first, owing to the 
fact that a saturated solution of calcium chloride has a 
much smaller vapour tension than water has 

If a constituent of a gas mixture be measuied with 
the Hempel burette alone, an error due to tension is 
introduced For example, in the estimation of the 
amount of oxygen in air by means of alkaline pyro- 
gallol, the original volume of air is measuied over water, 
whilst the volume of the residual gas is measured over 
a strongly alkaline solution of pyrogallol These tvo 
liquids have, however, quite different vapour tensions, 
and an error is therefore introduced The same error 
also occurs in the estimation of carbon dioxide in a 
mixture of carbon dioxide and air, using a solution of 
caustic potash in the Hempel burette 

If, therefore, comparable results are to be obtained the 
gas must alwaj^s be measured over the same liquid, and 
this is readily done by using the Hempel pipette in 
combination with the Hempel burette 

Ex. 8. — Estimation of carbon dioxide and oxygen 
in a mixture of carbon dioxide and air. 

Carbon dioxide is absorbed in a pipette containing a 
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solution of caustic potash This may eithei be a simple 
Hempel pipette, or better, a Hempel pipette arranged to 
hold both solids and liquids Such a pipette (fig 7) is 
similarly constiucted to an ordinaiy Hempel pipette, but 
has one bulb leplaced by a cylmdiical vessel piovided 
with a tubulure To use such a pipette as a potash 
pipette the cylinder is first packed full of little rolls of 
iion wire gauze, these being intioduced tluough the 
tubulure The caustic potash solution is then poured 
in, and the tubuluie tightly 
closed with a rubber stopper 
secured with stung Such a 
potash pipette has the great ad- 
vantage over an oidiiiary pipette 
that on passing in the gas con- 
taining CO 2 , a consideiable 
amount of absorption liquid 
remains entangled among the 
meshes of the wire gauze, thus 
increasing the absoibing suiface 
enormously As a consequence 
caibon dioxide is absorbed so 
rapidly that it is quite unneces- Fijr 7 

sary to shake the pipette 

To carry out the expeiiment a mixtuie of carbon 
dioxide and air is prepared in a Hempel burette over 
cfiibon dioxide watei, as described in Ex 4 The burette 
is then connected with the potash pipette, and the gas 
mixture forced ovei. After waiting a few seconds for 
the absorption of carbon dioxide to take place the gas 
is returned to the buiette, and after standing 5 min, 
the volume of lesidual gas is read off It is advisable, 
before returning the gas, which is now free fioni COg, to 
the burette, to replace the carbon dioxide water in the 
lattei by distilled water, to avoid the danger of caibon 
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dioxide diffusing out of the liquid into the gas, and so 
introducing an error (See next exercise) 

To change the water in the burette after the gas has 
been transferred to the pipette, the pinchcock of flie 
lattei is closed, the ligature loosened, and the capillary 
connection withdrawn from tlie rubbei: tube The wliole 
of the water is emptied out of the buiette and replaced 
by distilled water, the measuring tube and capillaiy 
connection being quite filled The rubber joint of the 
pipette IS then filled with water, using the small bent 
pipette, the capillary connection inserted and secured 
with a ligature, and the gas then returned to the burette 
After the volume of caibon dioxide absorbed has 
been lead off and noted, the burette is connected with 
a pyrogallol pipette, the gas transferred to it, and the 
oxygen absorbed. The unabsorbable gas residue is then 
I'etuined to the burette, and after waiting the neces- 
sary time, the volume is read off The gas is again 
brought into the pyiogallol pipette and shaken with the 
reagent, then returned to the burette and measured 

The first and second readings should agiee 
Example , — 

Volume of CO 2 measured = 25 4 cu cm 
Total volume = 98 6 „ 

Volume of air = 98 6 — 25 4 = 73*2 „ 

Volume of oxygen m air taken (73 2 cu cm ) = 15 3 „ 

Volume after absorption with KOH = 73 4 „ 

CO 2 = 98 6 - 73 4 = 25 2 „ 

Volume after absorption with pyrogallol = 58 4 „ 

O = 73 4 - 58 4 = 15 0 „ 

The result is then calculated into peicentages by 
volume* 

Composition of Gas Mixture Found 

25 8 per cent COg ... 25 6 per cent COg 

15 5 per cent 0 ...... 15 2 per cent 0 
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The caustic potash solution used in filling the potash 
pipette IS piepared by dissolving 1 part of caustic potash 
in 2 parts distilled water Such a solution has an ab- 
sorption value of at least 40 

Besides the advantage already mentioned (avoidance 
of errors due to vapour tension), working with the 
buiette and pipette together has the further advantage 
over woiking with the burette alone that more than one 
constituent of a gas mixture can be estimated by using 
different absorption pipettes 

If a gas mixture is to be analysed with the burette 
and a series of pipettes, absolutely essential that 
these pipettes should he used in a definite order. In 
analysing a mixture of carbon dioxide and air as just 
described, for example, it is not allowable to absorb the 
oxygen first with alkaline pyrogallol, for then this alka- 
line solution would also dissolve carbon dioxide, and the 
result obtained would be of no value 

Ex. 9. — To prove that an error is introduced by 
measuring a gas free from carbon dioxide over 
water saturated with that gas. 

About 50 cu cm. of air are first measuied accurately 
over water saturated with carbon dioxide The gas is 
then bi ought into intimate contact with the liquid by 
depressing and raising the point of the measuring tube 
several times After waiting the usual 5 min the 
volume of gas is read off, when it will be found to have 
undergone a decided increase 

This proves that if air or any gas fiee from carbon 
dioxide be measured over carbon dioxide water, an exact 
result cannot be obtained, the volume being always 
increased by carbon dioxide which diffuses out of solu- 
tion. 

What is true for carbon dioxide water also holds good 



20 


GAS ANALYSIS 


for water saturated with any other I'eadily soluble gas. 
It IS therefore always necessary m the course of a gas 
analysis, as soon as the readily soluble gas constituents 
aie removed, to change the liquid over which they weTbe 
measured This is especially true when working with 
the Bunte burette, which is later described 

Ex. 10. — Determination of the amount of oxygen 
in the air by means of the phosphorus pipette. 

The phosphorus pipette consists of a simple Hempel 
pipette for solid and liquid substances, the cylindrical 
part of which is filled with thin sticks of yellow phos- 
phorus immeised in distilled water 

100 cu cm of air are measured in a burette, this then 
connected with the phosphorus pipette and the gas 
transferred. It is often not possible to transfer the 
whole 100 cu cm at one time to the pipette, owing to 
the amount of room occupied by the solid pliosphorus 
In this case part of the gas is transferred over, follow ed 
by the remainder as the oxygen is absorbed Veiy soon 
after the air comes m contact with the phosphoius white 
fumes are noticeable, the oxidation of the phosphorus 
begins, and the oxygen disappears. The lemoval of the 
oxygen is observable in the falling of the water level in 
the second bulb of the pipette. When the fumes begin 
to die away, the absorption of oxygen is complete This 
usually requiies about 5 min at ordinary temperatures 
When absoiption is complete the residual gas is leturned 
to the burette, and after waiting the necessary 5 min, 
the volume is read off. On returning the gas to the 
burette it is usually noticeable that the white fumes are 
also cariged over. These, however, exert such a slight 
tension as to cause no appreciable dilference m the lesalt 
The result should show 20 5 to 20 7 per cent O, 

Phosphorus is converted by oxygen in presence of 
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water into phosphorous acid, the reaction being repre- 
sented by the equation 

2P + 3H2O + 3O = 2H3PO3 

According to this equation, 1 g, of phosphorus requires 
0 77 g. = 538 cu cm of oxygen to convex t it into phos- 
phorous acid The absorption value of phosphorus is 
thus veiy high, and as the oxidation product is readily 
soluble in water, the surface of the phosphoius is con- 
tinually being renewed, enabling many analyses to be 
made with it. The phosphoius pipette has the advantage 
over the pyiogallol pipette, not only of much greater 
absoiption value, but also 111 not requiring to be vigorously 
shaken, as is always essential with the lattei This 
very elegant method of absoibing oxygen by means of 
elemental y phosphorus is, however, greatly limited by 
certain peculiaiities which this substance possesses. 

Theie are a considerable number of substances which, 
even when piesent m only very small amount, prevent 
the action of oxygen on phosphorus Such substances 
include phosphoretted hydrogen, sulphuretted hydrogen, 
carbon bisulphide, chlorine, bromine, iodine, nitrogen 
peroxide, ethylene, acetylene, ether, alcohol, petroleum, 
oil of turpentine, and creosote. The piesence of Yirtnx 
volume of phosphoretted hydrogen, volume ethylene, 
or XTTT volume of turpentine vapoui in the gas to be 
aijialysed will entiiely prevent the absoiption of oxygen 
by phosphorus Owing to this peculiarity the use of 
the phosphorus pipette in many gas analyses is quite 
inadmissible. Phosphorus has, too, another peculiarity 
If the partial pressure of oxygen in a gas mixtuie be 
high, ie if the gas contain a high percentage of ^oxygen, 
no oxidation of the phosphorus takes place, phosphorus 
is in fact not attacked by pure oxygen at temperatures 
below 23*^ C- 
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If, however, oxygen be diluted with 25 per cent of an 
indifferent gas, combination takes place with explosive 
violence In order that the reaction may proceed quietly, 
not more than 50 per cent of oxygen must be present 
in the gas If a gas mixture containing a higher per- 
centage than this of oxygen is to be analysed in the 
phosphorus pipette, it must first be diluted with a suffi- 
cient quantity of an inert gas The analysis of com- 
mercial oxygen may, for example, be made with the 
phosphorus pipette by proceeding in the following man- 
nei — About 80 cu cm of air are roughly measured in 
a Hempel burette, and the oxygen contained in this 
amount removed by absorption in the phosphorus pipette 
The residual gas, consisting of about 64 cu cm of nitro- 
gen, is measured accurately in the burette, and a known 
volume of the oxygen to be tested added. This gas 
mixture is now analysed in the phosphorus pipette. 

The rapidity of absorption of oxygen by phosphoius, 
like the absorption by alkaline pyiogallol, is dependent 
on the temperature Absorption proceeds normally at 
about 20® 0 , at 14® about J hr is necessary for complete 
absorption, and at 10° as long as | hr. The phosphorus 
pipette should always be kept m a dark place, or else 
protected from the action of light by covering with a 
cardboard box 

This is necessary because yellow phosphorus when ex- 
posed to light soon becomes covered with a layer of the 
red modification, which is unable to absorb oxygen at or- 
dinary temperatures. This layer protects the yellow phos- 
phorus from the action of oxygen, and renders it useless 

Ex. Tt , — Determination of the amount of oxygen 
in electrolsrtic detonating gas, using an alkaline 
solution of sodium hyposulphite m the Pfeiffer gas 
pipette. 
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The Pfe%ffeT gas pipette (fig. 8) consists of two glass 
bulbs, A and B, each of a capacity of about 150 cu cm. 
These are connected by a bent glass tube c. Attached 
t<f the bulb B is a short capillary tube a, to which aie 
fused a glass tap 6, the construction of which is i*eadily 
understood from 
the diagram, and 
a thistle funnel c 
To facilitate hand- 
ling, the lower 
portion of the 
pipette is em- 
bedded in plaster 
of paris in a 
wooden box 

To prepare the 
apparatus for use 
an alkaline solu- 
tion of sodium 
hyposulphite is 
poured in, then 
a piece of thick- 
walled rubber 
tubing, in which 
is inserted a 
capillary connection with one right-angle bend only, is 
attached to d. By blowing into the bulb A, and suitably 
turning the tap, the whole of the air can be displaced 
from B and from the tap and capillaiy tubes. The tap 
is then closed. 

100 cu. cm. of electrolytic detonating gas, obtained 
from a Hempel electrolytic generator, are jneasured 
accurately in a burette, the latter then connected with 
the pipette and the gas transferred over. The tap 
is then closed, the burette disconnected, and the gas 
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vigorously shaken with the reagent in the pipette When 
the absorption is complete the bore of the tap and capil- 
lary connection aie filled with water from the funnel c 

by suitably turning the tap, the 
burette connected, the gas ti ans- 
fened back, and the volume 
lead off. 

g Result : — 33 0 to 33*2 per 
cent O. 

The Hempel detonating-gas gene- 
ratoi (fig. 9) consists of a glass vessel a 
hilecl with dilute caustic potash, into 
which two platinum electrodes a, a 
are fused A bent tube b provided 
with a bulb of about 60 cu cm capa- 
city IS ground into the neck of a. 
This vessel, the actual gas generator, 
IS enclosed for safety in the outer 
vessel c, being held securely by a large 
cork. The wires attached to the elec- 
trodes dip into two small cups 6, b 
filled with mercury, let into this cork, 
which serve to join up the apparatus 
to a source of electricity 

The reagent used for filling 
the pipette is prepared by mix- 
ing a solution of 50 g com- 
mercial sodium hyposulphite 
dissolved in 250 cu. cm, watej* 
with 40 cu. cm of concentrated caustic soda solution 
(500 g NaOH in 700 cu cm water). 

The sodium hyposulphite employed is not the sodium “hypo- 
sulphite” used in photography, the correct chemical name for 
which IS podium thiosulphate, Na2S20s*5H20. (Translator) 

The reaction between sodium hyposulphite and oxygen 
proceeds according to the equation 

Na 2 S 204 + 02 + H20 = NaHSO^ + NaHSOs, 
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the sodium hyposulphite taking up one molecule of oxy- 
gen, and being converted into a mixture of sodium 
hydrogen sulphate and sodium bisulphite The absorp- 
ti(fn value of this reagent is considerable, 1 g. sodium 
hyposulphite being able to absorb about 128 cu cm 
oxygen. 

Compared with the absorption reagents already used, 
viz alkaline pyrogallol and phosphorus, alkaline hypo- 
sulphite offers many advantages Compared with alka- 
line pyrogallol it has the advantages of being much 
cleanei to woik with, has a greater absorption value, 
and is much cheaper, whilst it is superior to the phos- 
phorus pipette in being unaffected by the substances 
which prevent the oxidation of phosphorus by oxygen 
Over both leagents it has the very great advantage that 
the rate of absorption is quite independent of the tem- 
perature at which the reagent is used. Using an alkaline 
solution of sodium hyposulphite it is immateiial whether 
the absorption is earned out at 20° or at 0°. 

Ex. 12. — Analysis of a sample of commercial oxy- 
gen, using the ammoniacal-cuprous-oxide pipette. 

The ammoniacal-cuprous-oxide pipette is a Hempel 
pipette for solids and liquids, having the cylindrical 
poition filled with little rolls of copper gauze immersed 
m a solution of ammonium carbonate in aqueous am- 
monia 

To carry out the analysis 100 cu cm. of oxygen are 
fiist measured in a burette The oxygen is obtained 
direct from a cylindei fitted with a reducing valve. To 
obtain a fair sample the gas should be allowed to escape 
for a few seconds before passing the portion taken for 
analysis into the burette 

The burette is now connected with the pipette in the 
usual manner, and the gas transferred to the latter The 
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pipette may be allowed to lemain quietly until the ab- 
sorption IS complete, as a sufficient amount of reagent 
will remain entangled in the meshes of the gauze to 
absoib the whole of the oxygen. It is better, however, 
particularly when working with gases containing a high 
percentage of oxygen, as in the present case, to transfer 
the gas several times from burette to pipette and back 
again, so that the upper part of the gauze is constantly 
wetted with fresh reagent. Very rapid absorption is 
thus brought about. When the absorption is complete 
the residual gas is returned to the burette and measuied 
The result obtained will vary between 88 per cent and 
99 per cent by volume of pure oxygen 

The little rolls of copper gauze, before introducing 
into the pipette, require to be treated with dilute nitric 
acid, as they are usually covered with a thin layer of 
fatty matter which hindeis the absorption The liquid 
in which they are immersed is prepared by mixing equal 
volumes of a saturated solution of ammonium carbonate 
and a solution of ammonia of sp gr 0 96. 

The reaction between copper, ammonia, and oxygen 
probably takes place in stages according to the following 
scheme — 

A colourless compound of cuprous oxide and ammonia 
is first formed according to the equation 

2 Cu + 0 + 4NH3 = CU2O, 4 NH3. 

This compound is then able to take up a further atom 
of oxygen to form the corresponding deep -blue cupric 
compound 

CilA 4NH3 + O + 4NH3 = 2(auO, 4NH3) 

The excess of copper always present then reacts with 
this cupric compound, re-forming the cuprous compound 

CuO + 4NH3 + Cu = CugO, 4 NHg. 
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According to these equations 1 g of copper is able to 
absorb 177 cu cm of oxygen, the absorption value being 
thus very high An ammoi^iacal cupious oxide solution, 
likS an alkaline solution of sodium hyposulphite, has the 
great advantage over alkaline pyrogallol and phosphorus 
of being able to absorb oxygen ^Ylthout being affected 
by temperature, so that it is immaterial whethei the 
absorption be carried out at 0° or 20"* 

The copper pipette has, however, the serious drawback 
that it is able to absorb carbon monoxide, and conse- 
quently gas mixtures which contain this gas cannot be 
analysed with it In this lespect an alkaline hyposul- 
phite pipette IS to be preferred, as this does not absorb 
carbon monoxide 

Copper can also be used as an absorption reagent for 
oxygen in another manner, viz m the foim of the led- 
hot metal This method is particularly useful in the 
exact deteimination of the amount of oxygen in atmos- 
pheric air The method was first proposed by Jolly, 
but has been considerably improved by Kreusler The 
analysis is carried out by heating a copper wiie to red- 
ness electrically in a measuied volume of air at known 
temperature and pressure The oxygen then combines 
with the copper to form copper oxide After absoiption 
is complete, and the gas has cooled down, the reduction 
in pressure is measuied, and from this the amount of 
ojygen present can be calculated 

Another reagent which is often used to absorb oxygen 
IS a solution of chromous chloride in hydrochloric acid. 
This is the only reagent which can be used for this pur- 
pose in the case of gas mixtures containing sulphuretted 
hydrogen, or to determine the amount of oxygen in 
sulphuretted hydrogen gas 

The reagents used for absorbing oxygen which have 
been already mentioned, viz alkaline pyrogallol, phos- 

(0 524) 3 
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phorus, ammonio-cuprous oxide, sodium hyposulphite, 
and chromous chloride, are the most important 

Their relative advantages and disadvantages may be 
again briefly repeated — 

Allcahne pyrogalloL — The absorption value is low, 
and the rate of absoiption is greatly dependent on the 
tempeiature It can, however, be used in nearly all 
cases 

Phosphorus — Working with this substance is not en- 
tirely free from danger, the rate of absorption, as m the 
case of alkaline pyiogallol, is greatly dependent on the 
temperature, the power of absorption fails when certain 
substances, like ethylene, sulphuretted hydrogen, oil of 
turpentine, &c, aie present in the gas mixtuie to be 
analysed On the other hand, the absorption value is 
veiy high, and absorption pioceeds lapidly at ordinary 
temperatures 

Ammomo-cuprous oxide — Cannot be used for gases 
containing carbon monoxide It has, like the phosphorus 
pipette, a high absorption value, but this is independent 
of temperature 

Sodium hyposulphite — The slightly alkaline solution 
of this substance is pleasantei and cleaner to woik with 
than the strongly alkaline, deep-brown solution of pyro- 
gallol, and is moreover considerably cheaper. The ab- 
sorption value is high, and is independent of temperature. 
It IS unaffected by the substances which cause the phos- 
phorus pipette to fail, and unlike ammonio-cuprous oxide 
it does not absorb caiboii monoxide. An alkaline solu- 
tion of sodium hyposulphite is therefore the most suit- 
able reagent for the absoiption of oxygen in most 
cases. '' 

Ohromous chloride. — This is rather tedious to prepare, 
but IS the only reagent which can be used in the case of 
gas mixtures containing sulphuretted hydrogen. 
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Ex. 13. — Analysis of a mixture of carbon dioxide, 
oxygen, carbon monoxide, and nitrogen (flue gas), 
using the Hempel apparatus. 

Exactly 100 cu. cm of flue gas are first measured in 
a Hempel burette ovei carbon dioxide water. The 
caibon dioxide piesent is first absoibed with the potash 
pipette, and then the oxygen with the pyiogallol or hypo- 
sulphite pipette.^ For the absorption of carbon monoxide 
a pipette containing an ammoniacal solution of cuprous 
chloride is employed The gas is fiist shaken foi 3 mm. 
in a cuprous chloiide pipette niaiked i, and then foi a 
further 5 min m a second similar pipette maiked ii 
(The reason for this procedure is fully explained below ) 
The lesidual gas is then tiansferred back to the burette 
and measured 

ExampU — 


Volume of gas measured 

100 cu. cm 

After absorption witb KOH 

. 86 2 „ 

.•. 002 = 100-86 2 .. 

00 

After absorption with hyposulphite 

73 6 

.-. 0 = 86 2 - 73 6 

12 6 „ 

After absoiption with cuprous chloride 

. 57 8 „ 

.-. 00 = 73 6 — 57 8 

. 168 „ 

The gas mixture therefore contains 


13 8 per cent OOj 


126 „ 0 


15 8 „ 00 


57 8 „ N 



The ammoniacal solution of cuprous chloride used for 
tilling the pipette is prepared by dissolving 7 g of 
cuprous chloride in 100 cu cm. ammonia of specific 
gravity 97 Such a solution has a dependable absorp- 
tion value of about 6 cu cm caibon monoxide. 

^ Before returjiing the gas from the i>otash pipette to the burette the watei 
m the latter must be changed (see Ex. 9} 
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la the absorption of carbon monoxide by a solution 
of cuprous chloride, thex'e is formed copper-carbonyl 
chloride, CugOlg CO. Either a hydrochlonc acid or an 
ammoniacal solution of cuprous chloiide can be used 
In working with the Bunte burette (to be described 
latei), a hydrochloric acid solution is usually employed, 
but for filling the Hempel pipette an ammoniacal solu- 
tion IS to be preferred on the following grounds- — 

If an ammoniacal solution of cuprous chloride con- 
taining carbon monoxide is allowed to stand foi some 
time, metallic copper slowly sepaiates, the carbon mon- 
oxide disappears, and ammonium carbonate is formed 

CU2CJI2, CO + 4NH3+2H2O = 2Cu+2NH4C1+(NH4)2C03 

The solution becomes, therefore, poorei in carbon mon- 
oxide, and the precipitated copper also protects the 
cuprous chloiide from oxidation as well as reducing any 
cupric compound present to the cuprous state This 
reaction does not take place in presence of hydrochloric 
acid, any caibon monoxide absorbed remaining in solu- 
tion An ammoniacal cuprous chloride solution has there- 
fore a much highei absorption value than an acid solution 

In absorbing caibon monoxide by means of cuprous 
chloride it is necessary to remember that the combina- 
tion between these two substances is a very loose one 
By boiling the solution, placing it in a vacuum, or by 
shaking with an indifferent gas, the caibon monoxide 
can be entirely or paitially liberated. If a cuprous 
chloride pipette has been repeatedly used for absorbing 
carbon monoxide, it can happen that the gas is no longer 
completely absorbed If the gas to be investigated is 
very poor in caibon monoxide it may even happen that 
instead of the volume diminishing it actually increases, 
the highly charged cuprous chloride solution having 
liberated carbon monoxide. This is more particularly 
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likely to occur when a hydiochloric acid solution is used, 
but it can also happen when using an ammoniacal solu- 
tion, as the previously mentioned disappearance of carbon 
iSonoxide requires some time In order, then, to avoid 
this danger two cuprous chloride pipettes aie usually 
used. The gas is first shaken with a pipette which has 
been some time in use, when the gi eater proportion of 
the carbon monoxide is lemoved It is then shaken in 
a second pipette \vhich has been little used, when the 
residue is absorbed Only by working in this way can 
concordant results be obtained. 

It is also necessary to note that carbon monoxide is 
not absorbed by cuprous chloride solution with anything 
like the rapidity with which oxygen is absorbed by pyro- 
gallol or phosphorus, oi carbon dioxide by caustic potash, 
but that continual vigorous shaking of seveial minutes’ 
duration is necessary to obtain complete absorption. 

It IS also necessary to observe that acetylene, ethylene, 
and oxygen are taken up by cuprous chloride solutions, 
and these gases must therefore be pieviously removed 
before the estimation of carbon monoxide 

When it is at all possible it is best in carrying out gas 
analyses always to take 100 cu cm of the gas in ques- 
tion, as then the result is obtained direct in volume 
percentages without any fuither calculation The re- 
sidual gas, after removing the total absorbable and com- 
bustible gas constituents, is regarded as nitrogen, and 
as such set down in the result It is very difficult to 
carry out a direct determination of nitrogen. 

Ex. 14. — Analysis of a mixture of carbon dioxide, 
oxygen, carbon monoxide, nitrogen, and^ ethylene 
with the Hempel apparatus. 

100 cu cm of the mixture are first measured over 
carbon dioxide water. The carbon dioxide is first 
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absorbed (liquid %n hurette then changed), and then the 
ethylene absoibed by means of a biomine pipette The 
gas is shaken m this 5 mm. On returning the gas to 
the burette a considerable amount of bromine vapoui “Is 
carried over, and as this exerts a consideiable tension it 
is necessary to remove it before reading off the volume 
of the gas This is done by passing the gas into a 
potash pipetfce, and then back to the burette The oxy- 
gen is then detei mined by means of pyrogallol or sodium 
hyposulphite, and then the carbon monoxide by the use 
of two cuprous chloride pipettes The residue is nitrogen 

The result is set out exactly as in the previous exercise. 

The bromine pipette is filled with a saturated aqueous 
solution of bromine A few drops of biomine should be 
put into the pipette, so that the solution may always 
lemain saturated. 

Bromine reacts with ethylene m such a way that two 
atoms of bromine add on to the double bond to form a 
liquid ethylene bromide 

CH2=CH2 + Brg = CH 2 B 1 - CHgBr 

Fuming sulphuric acid may also be used in place of 
bromine to absorb ethylene, and in this case ethyl sul- 
phuric acid is formed* 

.OH .O-CHa-CHs 
CHa—OHs + SO 2 = s4 

^OH \OH 

Fuming sulphuric acid is, however, a highly corrosive 
substance, and in working with this reagent it is of the 
greatest importance to protect the connecting tubing 
from coming in contact with the reagent Stiict pre- 
cautions must also be taken to prevent any water enter- 
ing the pipette, as this might easily lead to an explosion. 
For these reasons fuming sulphuric acid is a very tedious 
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substance to woik with, and the use of bromine water is 
to be preferred 

Besides absorbing ethylene, bromine water can also 
absorb its homologues, propylene, CgHg, and butylene, 
C4H3, also acetylene, C^Hg, and the aiomatic hydrocai- 
bons, benzene, CqHq, and toluene, CyHg, the vapours of 
which occur in many gas mixtures, e g illuminating gas 
Ethylene, propylene, butylene, and acety- 


lene are converted into bromine com- 
pounds, whilst the aromatic hydrocai bons, 
benzene and toluene, are mechanically ab- 
sorbed The above-mentioned gases and 
vapours are usually described as '' heavy 
hydrocarbons as distinct from the “ light 
hydrocarbons”, methane and ethane 

The decrease in volume obtained on ti eat- 
ing a gas mixtuie with bromine water is not 
put down in the result as ethylene, but as 
heavy hydrocarbons, except where it has 
previously been pioved that only one par- 
ticular member of the class is present in the 
mixture 

The piesence of heavy hydrocarbons is 
always to be expected when the gas under 
investigation has been obtained by the dis- 
tillation of organic bodies, e g in coal gas, 
oil gas, &c 

Ex. 15. — Determination of the amount 
of oxygen in the air by means of the 
Franke burette. 

The Franhe burette (fig. 10) consists of 
a reagent compartment B and a measuring 
compartment a. These can be separated 
by the wide bore tap h. 



Fig 10 
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The measuring tube ends in a capillary tube, with 
an ordinary glass tap d The reagent tube can be closed 
by a well-ground glass cap c, which has also a glass tap 
The measuring tube holds 100 cu cm, and has the z'Sio 
point at the bottom of the bore of the tap at 0 

In order to measure 100 cu cm of air or any other 
gas, the cap c is removed, and the whole appaiatus com- 
pletely filled with water The cap is then leplaced, and 
the complete apparatus hung in a retort stand in the 
position shown in the diagram The capillaiy d is then 
attached to the gas source, all taps opened, and gas 
allowed to enter until the water level has fallen to about 
the position m The tap d is then closed, and the ap- 
paratus placed in a tall vessel of water and adjusted 
until the level of the water inside and out is the same, 
and tap h closed in this position There are then 100 
cu cm. of gas enclosed in the measuring tube at the 
prevailing temperature and pressure If consideiable 
quantities of gas are available, the burette may also be 
filled by allowing the gas to stream for some time 
through the burette, and then first closing the tap d and 
then the tap h. There are then 100 cu cm. of gas 
enclosed m the measuring vessel To carry out the 
exercise 100 cu cm of air are first measured, and then 
the water is emptied completely from the reagent com- 
partment The buiette is then fastened in the tiipod 
stand in an inverted position to that shown in the dnj^ 
gram The leagent vessel is now filled with a reagent 
for absorbing oxygen (alkaline pyrogallol or sodium 
hyposulphite solution), and the cap c replaced with the 
tap open in such a way that no air bubbles are enclosed, 
and the rcapillary is completely filled with the reagent. 
The tap is then closed It is necessary to be quite sure 
that no air bubbles remain in the reagent vessel The 
tap h IS then opened. The leagent trickles slowly out 
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of the reagent compartment into the measuring com- 
paitment, and spieads itself over the walls of the tube. 
At^the same time the gas bubbles through the reagent, 
and gradually fills the reagent vessel In this way the 
gas comes into intimate contact with the reagent When 
the whole of the latter has lun into the measuring tube 
the burette is inverted, and the liquid allowed to flow 
back to the reagent vessel This operation can be 
lepeated until it is quite certain that all oxygen is ab- 
sorbed The absorption liquid is then allowed to collect 
completely in the reagent vessel. 

( Wmtjive mmutes, using sandglass.) 

When this is again completely full, the tap b is closed, 
the glass cap removed, and the reagent retuined to the 
stock bottle The reagent vessel is then rinsed out with 
clean water, filled with distilled water at room tempera- 
tuie, and the glass cap c replaced The tap of c is now 
opened, and the whole burette with c underneath im- 
meised in a tall cylinder of water, and b opened As 
much water then rises into the burette as oxygen has 
disappeared When the water level inside and outside 
the burette is the same, the volume of residual gas is 
read off. 

It occasionally happens that the absorption liquid, after flowing 
back into the reagent compartment, does not fill this completely 
If the tap 5 were now closed, it would not be possible to empty 
c®t the reagent without also losing the enclosed gas bubble, and 
thus obtaining too high a result This may be remedied by pour- 
ing a little of the reagent into a shallow porcelain dish, dipping 
into this the capillary of the cap c, and opening the tap until 
sufficient liquid has been drawn in to fill the leagent compart- 
ment 

To analyse a complicated gas mixture by the aid of 
the Franke burette, the method of procedure is exactly 
as described above. If the analysis of a flue gas, for 
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example, is to be made, caibon dioxide is first absorbed 
with caustic potash, and the resulting diminution m 
volume measured. The reagent vessel is then filled with 
an alkaline solution of sodium hyposulphite, the oxygen 
present absorbed with this, and the diminution in volume 
again measured 

To estimate carbon monoxide, using a solution of 
cuprous chloride, the watei contained in the measuring 
compartment must first be lemoved, so that the reagent 
may not be too much diluted This is earned out by 
means of a pressure and suction bottle in exactly the 
same way as in the Bunte burette, under which the 
method of proceduie is described. When this has been 
done, the absorption of caibon monoxide is carried out 
with an ammoniacal solution of cuprous chloride. 

The inventor of the Franhe burette claimed foi it 
many advantages, particularly over the Bunte burette. 
Its simple construction, and the possibility of recovering 
the various reagents to be used over again, were em- 
phasized, as well as the fact that it was not necessary 
to connect with a suction apparatus as often as with the 
Bunte burette. Its construction is, however, not simpler 
than that of the Bunte burette, and also only the first- 
used reagent can be recovered undiluted, the second 
reagent being diluted by the water remaining in the 
measuring vessel after taking the first reading. With 
reference to the use of a suction bottle, this is always 
necessary m the analysis of complex gas mixtures, as 
illustrated by the analysis of flue gas described 

Ex. i6. — Determination of the amount of oxygen 
in air by means of the Bunte burette. 

The Bunte burette (fig. 11) consists of a measuring 
tube, which is closed at the top by a three-way tap 

W%njkl&r and Gfmner^Fi ledench tliree-way taps aie the types usually 
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Fig 12 



and below by an ordinary glass tap b. Connected with 
the three-way tap is a vessel t, provided with a maik, 

used. The Winkler tap, with the connections which aze possible "^th it, is 
best understood from fig 13. 

The Go etoieo -Fo ledo ich tap, with its connections, is shown in fig 12 Instead 
of having a bore at right angles and one through the length of the tap, as the 
Winkler tap has, this has two holes bored obliquely through the key of the 
tap. 
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and a short piece of capillary tube 4-5 cm. long is fused 
to h The measuring tube holds rather more than 
100 cu cm , the 100 mark being placed at the lower end 
of the capillary of the three-way tap and the zero aAhe 
lower end of the tube, the calibration being continued 
for a further 10 cu cm below the zero maik. Each 
cubic centimetre is further subdivided into -}■ cu cm 

In order to measure 100 cu cm of air or other gas in 
the Bunte burette, a long rubber tube attached to a 
funnel is first connected with the lower capillary, the 
tap b opened, and the three-way tap so ai ranged that 
the inside of the tube communicates with the outside 
air Water is then poured into the funnel until the 
measuring tube and the capillary of the three-way tap 
is completely full The tap is then turned so as to put 
the measuring tube in connection with the small vessel, 
and this also filled with water up to the mark The 
taps are then closed, and the rubber tube and funnel 
removed The side tube c is then connected with the 
source of gas, the tap a placed m communication with 
the inside of the tube, and the lower tap b then opened 
Water flows out, and the gas enters to take its place 

About 2 or 3 cu cm more than the required 100 cu. cm 
are allowed to enter, and then both taps aie closed A 
few minutes must be allowed for the water which ad- 
heres to the walls of the tube to coalesce and run 
down 

In order now to measure exactly 100 cu. cm of gas, 
a pressux’e and suction flask A is necessary. The con- 
stiuction of this is leadily seen from the diagram. The 
piece of rubber tubing d of the pressure flask is provided 
with a pinchcock, and the flask contains a small amount 
of water 

By blowing through the rubber tube e and opening 
the pinchcock, d is completely filled with water, and is 
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then connected to the capillary tube below the tap h. 
This is then opened, and by blowing into e and keeping 
the^pinchcock open, the gas is compiessed until the level 
of the water is above the maik 0 The pinchcock is 
then closed. By carefully squeezing the pinchcock, water 
is allowed to run out from the measuring tube again 
until the meniscus stands at about 2 cu cm below the 
zero mark. There are now enclosed in the burette 
100 2 cu cm of gas at the room temperature, but at a 
pressuie greater than atmospheiic pressure In order 
to bring the gas under a piessure which is compaiable, 
the thiee-way tap is turned to bring the interior of the 
measuimg tube into communication with the small 
attached vessel t The excess gas then escapes through 
the water contained in this, and about 2 cu cm. water 
finds its way into the measuimg tube, the capillary 
filling again with water. The water which has enteied 
gradually runs down the walls, and the under meniscus 
then stands exactly at 0 There are now enclosed in 
the measuring tube 100 cu cm of gas at the prevailing 
temperature, and at a pressure equal to that of the atmo- 
spheie plus the pressure of the column of water in the 
small vessel In measuiing the residual gas after ab- 
soiption of the various constituents the pressure must 
remain the same as this 

In order to introduce the absorption reagent into the 
bwrette the tap h is opened, and after opening the pinch- 
cock, suction is applied to the rubber tube e, until the 
greater portion of the water is removed from the buiette, 
the level falling to just above the tap 6, which is then 
closed, and the suction bottle removed The absorption 
reagent — in the case of oxygen, alkaline sodiui^ hypo- 
sulphite solution — is then poured into a small poicelain 
dish, the lowei capillary of the burette dipped into it, 
the tap opened, and the reagent allowed to ascend into 
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the tube The tap h is then closed, and the burette 
taken out of the retort stand after closing the glass 
vessel with its well-ground glass stopper The buiette 
is then held by the three-way tap and the ordinary Tiap 
6, as far as possible without handling the measuring 
tube, and the leagent bi ought into intimate contact with 
the gas by inclining the tube in various diiections 
After shaking several times, the lower capillary is again 
dipped into the reagent, the tap opened, and fresh liquid 
allowed to enter After thoroughly shaking for 3 min , 
the buiette is again returned to the stand, the glass 
stopper removed, and the pressure and suction bottle 
again attached after filling the tube d completely with 
water The tap h is then opened, and by sucking 
through the tube e a vacuum is produced m the bottle 
By opening the pinchcock carefully the reagent is trans- 
ferred from the tube to the bottle, which should be 
done as completely as possible. 

The three-way tap is then turned so that the small 
vessel communicates with the measuring tube, and 2 to 
3 cu cm water are allowed to flow slowly down the 
walls of the tube, taking with it the drops of reagent 
adhering to the tube The rinse-water is removed by 
the suction flask, and the rinsing repeated. The glass 
vessel is then filled to the mark with distilled water, 
the suction flask removed, the under capillary dipped 
into a porcelain basin containing distilled water, and Joy 
opening the tap 6 the water is allowed to enter. The 
tap h IS then closed, and the three-way tap turned to 
put the measuring tube in communication with the glass 
\essel Water flows into the burette, and the gas then 
is undir the same conditions of pressure as it was origi- 
nally measured under, viz the atmospheric pressure plus 
the pressure of the water column in the glass vessel 
After closing the thiee-way tap a short time is allowed 
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for the water to collect, and the volume of gas then read 
off 

Result , — 20 4 to 20 6 per cent O 

The Bunte burette is certainly the most suitable ap- 
paratus to cany out rapid gas analyses The only 
requiiements are the burette itself, a lubber tube and 
funnel, a piessure bottle, a porcelain dish, and bottles of 
the various reagents In working with the Hempel 
apparatus theie are required a burette and a large 
number of absorption pipettes If the Bunte burette is 
correctly manipulated, the results are just as good as 
with the Hempel apparatus 

In removing the absorption reagent from the burette, 
it is not allowable, as is however often done, to open the 
tap b, and to open the thiee-way tap so that water flows 
in a continual stream from the glass vessel through the 
burette carrying the reagent with it In this way a 
consideiable error may be introduced On the one hand, 
the more readily soluble constituents may be lemoved 
fiom the gas mixture, and on the other, gases dissolved 
in the wash water may diffuse out into the gas to be 
analysed 

Ex. 17.— Analysis of flue gas with the Bunte 
burette. 

^100 cu. cm of the gas are first measured in a Bunte 
burette in the manner described in the previous exercise, 
but using caibon dioxide water as the confining liquid. 
The caibon dioxide is fiist absorbed with caustic potash 
solution, and the diminution in volume measured over dis- 
Ulled watei The oxygen is then absorbed with jllkaline 
hyposulphite, and finally carbon monoxide is absorbed 
either with an ammoniacal or a hydrochloric acid solu- 
tion of cuprous chloride In canying out the absoiptioi) 
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of carbon monoxide with cuprous chloride, 10 cu. cm. of 
reagent are first introduced, and after shaking well, re- 
moved, and a second fresh supply introduced This is 
repeated a third time If the absorption of carbon 
monoxide has been carried out with a hydrochloric acid 
solution of cuprous chloride, the walls of the tube must 
not be washed down with distilled water, as this would 
piecipitate solid cuprous chloride In this case 3-4 
cu cm of concentrated hydrochloric acid are poured into 
the glass vessel, and allowed to trickle down the walls 
of the tube This is then followed with a few cubic 
centimetres of distilled water, and finally washed again 
with distilled water. 

The result is set out exactly as shown in Ex 13 

The cuprous chloride solution used for the absorption 
of carbon monoxide is prepaied by placing 10 g of 
cuprous chloride in a bottle holding 250 cu cm., putting 
in a copper spiral reaching from the bottom to the neck 
of the bottle, and filling up with concentrated hydro- 
chloiic acid After shaking well, the whole is set aside 
m a dark place until the colour has entirely disappeared 

In sucking out the reagents from the Bunte burette 
there are sometimes difficulties expeiienced, as after the 
last absorption there is a strong back suction in the 
burette. The suction should never be done with the 
lungs, but always with the mouth If difficulties are 
expeiienced, the rubber tubing e of the suction botlle 
may be fitted with a pinchcock, and then attached to a 
water pump. The bottle can thus be exhausted, and the 
absorption liquid readily transferred from the burette. 

Ex. i8. — Analysis of a mixture of flue gas and 
ethylene with the Bunte burette. 

The gas mixture is first measured over water satu- 
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rated with carbon dioxide The individual constituents 
are then absorbed in the following order, exactly as in 
Exercise 14 — 

1 Carbon dioxide* 

2 Ethylene 

3 Oxygen 

4 Caibon monoxide. 

Saturated bromine water is used as the absorption 
reagent for ethylene, about 10 cu cm being allowed 
to ascend into the burette and vigorously shaken with 
the gas 

If the gas does not remain coloured with the bromine 
vapour, or should the biomine water be completely 
decoloiized, the exhausted reagent must be removed, 
a flesh supply introduced, and the shaking repeated 
The excess of bromine water is then removed by suction, 
first taking the precaution to add a small amount of 
caustic potash solution to the water in the suction flask. 
To remove the bromine vapour from the burette a little 
caustic potash is introduced, and the burette then rinsed 
out with water. In all other respects the exercise is 
carried out exactly as desciibed in Ex. 16 and 17 

Ex. Ip. — Analysis of furnace gases by means of 
the Orsai apparatus. 

-^The Orsat apparatus (fig. 14) consists of a measuring 
tube A, surrounded by a water jacket to prevent change 
of temperature, and three absorption vessels B, c, D. 
The measuring tube has a capacity of 100 cu cm., and 
is wider at the top than at the bottom. The bottom 
of the measuring tube ends in a side tube, to which is 
attached a long piece of rubber tubing fitted with a 
pinchcock b and a levelling bottle E. The top of the 
measuring tube ends in a capillary tube in connection 

(0 524 ) 4 
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with the absorption vessels Each absorption vessel 
consists of two glass cylindrical bulbs of equal capacity 
connected at their lower extremities by a bent glass tube, 
one cylinder ending in a capillary with a mark on the 
glass, and the othei with a tubulure The absorption 
vessels are filled with the various absorbing reagents, 



the cylinder with the capillary tube also containing 
lengths of glass tubing to increase the surface area 
The measuring tube is connected with the absorption 
vessels by the capillary tube cc, which cariies several 
branches with ordinary glass taps d Both the measur- 
ing tube and the absorption vessels are connected to this 
capillary tube by means of short pieces of stout rubber 
tubing. The free end of the capillary tube is closed 
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by a three-way tap a The whole apparatus is mounted 
securely on an iron or wooden stand so as to be readily 
jjortable 

To prepare the appaiatus for use, the absorption 
vessel B IS filled with caustic potash solution, c with 
alkaline pyrogallol, D with ammoniacal cuprous chloride, 
and the levelling bottle with water 

The taps d are then closed, the three-way tap turned 
so that the capillary tube is in communication with the 
outside air, and the measuring tube then filled with 
water to the mark 0 by raising the levelling bottle and 
opening the pinchcock. The tap a is then closed. The 
whole of the air is next removed from the caustic potash 
vessel by opening the tap d, squeezing the pinchcock 6 
until the caustic potash solution has risen to the mark 
on the capillary tube, and again closing d Care must 
be taken not to allow the solution (as also the other 
absoiption reagents) to rise above the mark, as should 
it come in contact with the tap, this becomes very soon 
cemented in its seat by the solid ciystallizing out The 
othei absorption vessels are filled to the mark in exactly 
the same manner, and the measuring tube again filled 
up to mark 0 with water. The apparatus must now be 
tested to make sure that all joints are gas-tight To do 
this the pinchcock h is removed, and the whole appa- 
ratus allowed to stand for some time. If the level of 
4he liquid in the measuiing tube and in the absorption 
vessels does not sink, then the apparatus may be re- 
garded as satisfactory 

The gases to be examined with this apparatus are 
obtained from a furnace or other source of coipbustion 
In the first case the gases in contact with the glowing 
fuel are to be analysed, and then the final gaseous com- 
bustion products. 

To sample the gas in contact with the incandescent 
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fuel an iron tube is sunk in the midst of it, and to the 
projecting end of this is attached a glass tube, filled with 
asbestos or glass wool, by means of rubber tubing. This 
serves to retain particles of soot or ash which may be 
mechanically carried over. The other end of the glass 
tube is then connected to one free end of the three-way 
tap a of the apparatus To the other end of the tap a 
is attached a rubber hand pump,^ and the tap so turned 
that the tube of the rubber pump is in connection with 
the tube leading to the source of the gas By means of 
the pump, the whole of the connecting tubes can be filled 
with the gas to be tested (about ten squeezes are suffi- 
cient), and when the tubes are quite full they aie placed 
in communication with the measuring tube by means of 
the three-way tap. The pinchcock h is then opened, and 
rather more than 100 cu cm. gas allowed to stieam into 
the measuring tube The tap a is then closed, and the 
tube connections as well as the hand pump removed. In 
order now to enclose exactly 100 cu cm. of gas m the 
measuring tube, the tap a is connected with the outside 
air, the surface of the water in the levelling bottle ad- 
justed to the level of the 100 cu. cm mark, and the 
pinchcock squeezed The excess gas thus escapes, and 
the level of the water in the tube uses to the 100 mark, 
giving when a is again closed exactly 100 cu. cm. gas at 
the prevailing temperature and pressure 

^ Tlie rubber pump (fig 15) is a long rubber ball oi bulb, to both ends <?5 

which are attached lengths of rubber 
tubing Two valves opening in op- 
posite directions are fitted inside the 
bulb When the bulb is compressed 
in the hand, one valve opens and the 
air IS forced out When the pressure 
is released, this valve closes and the 
Fig 15 second valve opens, air being drawn 

through this until the bulb regains 
its normal size. In attaching the pump to the Orsat apparatus, the inlet or 
suction tube is attached to the tai> a, whilst the exit tube remains free. 
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To absorb the carbon dioxide the tap on the potash 
vessel B is opened, and the gas transferred over by 
i^ising the levelling bottle and opening the pinchcock. 
The water is allowed to entei the measuring tube until 
it reaches the mark 0 

To return the gas the levelling bottle is lowered, and 
the pinchcock kept open until the caustic potash has 
risen to its original level maik In carrying out these 
operations, care must be taken not to allow either water 
or caustic potash solution to enter the capillary tube. 
The tap d is then closed, and the levelling bottle laised 
until the level of the water in it is the same as the level 
inside the tube, the pinchcock being open When the 
level is adjusted the pinchcock is closed, and as the gas 
now stands under atmospheric pressuie the volume of 
carbon dioxide which has been absoibed can be read off 

The whole opeiation is then repeated, and the volume 
again lead off If the reading does not agree with the 
fiist reading, the opeiation must be repeated once more. 
The absorption of oxygen in the pyrogallol vessel and 
carbon monoxide in the ammoniacal cupious chloiide 
vessel is carried out in an exactly similar manner. In 
order to accelerate the rate of absorption in these latter 
cases, it is advisable to transfer the gas repeatedly back- 
wards and forwards from the absorption vessel to the 
measuring tube, so that the surface of the glass tubes 
•may be continually wet with fresh reagent. 

To obtain a sample of the final gaseous products of 
combustion, the iron tube should be inserted as far as 
possible into the flue or chimney through which these 
are being led away, the gas being transferied to the 
apparatus exactly as described above 

The results of the analysis should then be set out as 
shown in Exercise 13. 

After some practice, it is possible to carry out an 
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analysis with the Orsat apparatus in about 5 min. The 
results are not so exact as those obtained with the 
Hempel apparatus or the Bunte burette, but are suffi- 
ciently accurate for technical purposes, eg the control 
of furnace combustion Besides the paiticular form of 
Orsat apparatus desciibed, there aie many other forms 
in use, which, however, all work on the same principle 
Many have fitted to them an arrangement permitting 
of combustion analyses, whilst m others the vessel foi 
cuprous chloride is missing, so that only carbon dioxide 
and oxygen can be estimated 

Ex. 20. — Estimation of hydrogen by burning 
with oxygen in the explosion pipette. 

The ex'plos%on pipette (fig 16) consists of two thick- 
walled glass bulbs, A and B, which are connected by a 

protected oi armoured rubber 
tube. A IS mounted on an 
iron stand, and ends at the 
top in a simple bent capillary 
tube, at the end of which is 
a piece of rubber tubing B 
is supported in a heavy non 
foot. Two platinum wires are 
fused into the upper part of 
the bulb A, the ends being 1 to 
2 mm apart inside Between^ 
the ends of these wiies an elec- 
tric spark can be passed to 
explode a mixture of oxygen and hydrogen. The wures 
end outside the bulb in two loops, to which can be at- 
tached the wires from an induction coil. Sufficient 
mercury is placed in the bulbs to allow of the explosion 
bulb A being completely filled when B is raised 

To carry out the experiment about 20 to 25 cu. cm. 
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of hydrogen, obtained either fiom a Kipps apparatus or 
an electrolytic hydrogen generator, are measured in a 
I^uipel burette This is then mixed with air by plac- 
ing the levelling tube, after emptying out most of the 
water, on the floor, the measuring tube being on the 
table, and cautiously opening the pinchcock Sufficient 
an IS allowed to enter to give a total volume of about 
100 cu cm The exact volume is then measured A 
connecting capillaiy tube is then attached to the rubber 
tube of the explosion bulb A, and the latter closed by 
a pinchcock By raising the bulb B, and cautiously 
opening the pinchcock, the explosion bulb with the 
rubber connection and connecting capillary are com- 
pletely filled with mercurj^ and the latter is then pushed 
into the rubber connection of the Hempel burette, this 
having previously been filled with water By lowering 
B, opening the pmchcocks, and raising the levelling tube 
of the buiette, the gas is transferred to the explosion 
bulb The levelling tube must be kept raised until a 
drop of water enters the bulb. The platinum wires are 
then connected with an induction coil, and after lowering 
the bulb B to put the explosive mixture under a con- 
siderably reduced pressure, the circuit is closed, and a 
spark passed between the platinum points inside the 
bulb, when an explosion takes place The levelling bulb 
IS then raised, and the residual gas transferred to the 
i>urette, care being taken that no mercury is carried over 
into the measuring tube After waiting 5 mm , the con- 
traction in volume is measured. The volume of hydrogen 
present is equal to f of the contraction 

The amount of oxygen present in the residual gas 
should then be determined, and from the amount of 
oxygen which has disappeared the hydrogen again cal- 
culated. In this case the hydrogen is equal to twice the 
volume of oxygen used up 
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Example , — 

Hydrogen measured 

Total volume 

/. Air (98 4 - 21 6) 

Containing oxygen 

Oxygen theoretically necessaiy for combus- 
tion ... 

Excess of oxygen present 
Volume of gas after explosion 
Contraction, 98 4 — 66 3 

Hydrogen, 


21 6 cu cm 


98 4 
76 8 
16 1 


55 


55 


10 8 
5 3 
66 3 
32 1 


55 


55 


21 4 


55 


Calculation of volume of hydrogen fioni the volume 
of oxygen used up 


Residual gas after explosion. . 
After absorption vrith pyrogallol 
Oxygen present, 66 3 — 60 9 
Oxygen used up, 16 1 — 5 4 . 

/. Hydrogen, 10 7 X 2 


66 3 cu cm 


60 9 
54 
10 7 
214 


55 

55 

55 

55 


The combination of hydrogen and oxygen takes place 
according to the equation 

2 H2 + O2 = 2 H2O, 


2 volumes hydrogen and 1 volume oxygen giving 2 volumes 
water vapour. As, however, the experiment is carried 
out at ordinary temperatures, the water vapour con- 
denses to liquid water, and the contraction is equal to 

3 volumes Two volumes of hydrogen on explosion 
therefore give a contraction of 3 volumes, and inversely 
the amount of hydrogen present is obtained by multi- 
plying the contraction by |. 


Ex. 21. — Estimation of hydrogen by burning with 
oxygen^ with the aid of the palladium -asbestos 
capillary. 

If a mixture of oxygen and hydrogen be passed over 
gently warmed metals of the platinum group, and more 
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especially palladium, combination takes place at a tem- 
perature very considerably lower than that required to 
Mng about combination by explosion Winlder found 
that the union of the two gases took place very readily 
when the mixture was passed over asbestos covered with 
finely divided palladium 

The palladium-asbestos capillary consists of an ordi- 
nary connecting capillary tube, into which has been 
loosely inserted a little roll of asbestos impregnated with 
palladium (fig 17) In oider to carry out an analysis 
with this tube, it is first inserted in the rubber end-tube 
of a water pipette, provided with a pinchcock The 
water must not be allowed 
to enter the capillary, as 
otherwise, on subsequent 
heating, the glass would be 
liable to crack Tlie height 
of the water in the water 
pipette must therefore be marked with an oil pencil oi 
strip of gummed paper A mixture of air and hydiogen 
IS then prepared as described in the previous exercise, 
the rubber end-tube of the Hempel buiette attached to 
the palladium capillary, and the pinchcock removed 
from the pipette tubing The palladium capillary is 
then healed gently for one or two minutes, but not 
sufficient to soften the glass or to heat the tube to red- 
Jljess, the levelling tube stood on the table, and by opening 
the pinchcock the gas transferred slowly over the heated 
asbestos into the water pipette, the heating being con- 
tinued It will be noticed that the end of the asbestos 
plug nearer the buiette glows brightly The gas must be 
transferred so as to leave only -I- cu cm in the*burette 
It is then, after putting the levelling tube at a low level, 
slowly transferred back to the burette until the water in 
the pipette reaches its marked position. 



Fig 17 
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The whole operation must be repeated, and tken the 
resulting diminution in volume lead off In order to be 
quite sure that all the hydrogen is burnt, the gas should 
be led backwaids and forwards once again over tlie 
heated palladmized asbestos, and the volume again read 
off The volume should remain the same 

The result should be calculated exactly as desciibed in 
Ex. 20. 

Ex. 22. — Fractional combustion of hydrogen and 
methane by means of the palladium-asbestos capil- 
lary and the Winkler combustion pipette. 

If a mixture of hydiogen, methane, and air is passed 
over gently heated palladmized asbestos, the hydrogen 
burns whilst the methane remains unaltered The homo- 
logues of methane — eg ethane — behave in exactly the 
same way Advantage can therefore be taken of this 
peculiar behaviour to estimate hydrogen m presence of 
methane and its homologues 

This method is of particular importance when it is 
required to analyse a gas mixture consisting of hydrogen 
and two homologues of methane. A mixture of hydrogen 
and one methane homologue can be analysed by first 
mixing with air, exploding the mixture, and determining 
the contraction and the amount of carbon dioxide pro- 
duced This method of procedure is, however, not possible 
in the case of a mixture of hydrogen and two homologues 
of methane According to Haber, “ it is not possible to 
calculate the composition of a mixture of methane homo- 
logues and hydrogen if only the contraction, amount of 
oxygen used up, and amount of carbon dioxide formed is 
known,* for theie will either be no or an unlimited 
number of mixtures of hydrocarbons and hydrogen 
which will satisfy the three figures obtained. It is 
therefore necessary to obtain one of the lequired figures 
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independently” This can be done by a fractional com- 
bustion of the hydrogen alone, using palladinized asbestos 
o^a gently heated palladium wne To cairy out the 
analysis 100 cu cm of the gas mixture are fiist measured, 
and any COg, 0, or CO which may be piesent absorbed 
by suitable reagents 10-15 cu cm of the non-absoibable 
residue are measured and mixed with air to nearly 100 
cu cm The mixture is then led over heated palladinized 
asbestos exactly as described in the previous exercise 
The contraction thus produced is measured, and from 
this the amount of hydrogen piesent is calculated In 
order to prove that no methane has been 
burnt, the gas should be passed into a potash 
pipette, when theie should be no diminution 
in volume on returning it to the buiette 
The combustion of the methane is then 
brought about in a W%nlder combustion 
pipette (fig 18) This consists of a laige 
Hempel pipette for solids and liquid, in 
the tubuluie of which is inseited a two- 
holed rubber stopper, through which pass two brass elec- 
trodes” The electrodes are connected inside the pipette 
by a piece of thin platinum wire, and are attached to 
binding screws outside the pipette Before commencing 
the analysis the electrodes are connected with a suitable 
source of electricity. 

^The buiette is then connected with the pipette in the 
usual manner, the levelling tube raised high with the 
left hand, and the pinchcock gradually opened with 
the right The gas then passes over into the pipette, 
and immediately the water above the electrodes is dis- 
placed the platinum wire glows brightly, and combustion 
commences The stream of gas should be stopped for a 
moment by closing the pinchcock until the first vigorous 
reaction is over. The remainder of the gas is then 



Fig 18 
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slowly transferred to the pipette. The spiral is kept 
glowing for about a minute after all the gas is in the 
pipette, and then the current is switched off After 
allowing the pipette suflScient time to cool, the gas is 
transferred back to the burette The carbon dioxide 
which has been formed, the volume of which is equal 
to the volume of methane originally present, is then 
absorbed in a potash pipette. As, however, the confining 
liquid in the Winklei combustion pipette is water, some 
caibon dioxide will have been dissolved, and the value 
obtained will be too low It is therefore better not to 
calculate the amount of methane from the volume of 
carbon dioxide produced, but from the total contraction 
— i e the contraction after the combustion of the methane 
plus the contraction after absorbing the carbon dioxide 
In this case it is immateiial that the w^ater in the burette 
has dissolved carbon dioxide. In working with the 
Winkler explosion pipette, it is on no account peiinissible 
to transfer the whole of the gas into the pipette before 
passing the current through. Such a method of working 
would be liable to give rise to serious explosions, which 
might shatter the whole apparatus. 


Example — 



Gas measured 

. . 100 0 

cu cm 

After absorption with KOH 

... 95 8 

» 

/. CO 2 = 100 - 95 8 = . . 

42 

J5 

After absorption with pyrogallol ... 

. . 92 4 


0 = 95 8 - 92 4 = 

3*4 

» 

After absorption with CuaClo 

... 64 8 


CO = 92 4- 64 8 “ = ... 

... 27 6 


Non-absorbable residue 

... 64 8 


Eesidiial gas measuied 

11 8 

CU. cm. 

To|al volume after mixing with air 

... 97 8 


Air taken = 

86 0 

55 

After combusting with Pd-asbestos 

... 86 8 

jy 

Contraction, 97 8 — 86 8 = , 

... 110 


HinllScu 

u 

7*3 
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H in total volume, - 

’118 

After combusting in Winkler pipette and 
absorbing COg 

Contraction, 86 8 — 79 0 

Methane in 11 8 cii cm , ~ 

Methane in total volume, 

’ 11 8 

Nitrogen, 64 8 -(401 + 14 3) = 

The gas therefore contains — 

4 2 per cent CO, 

34 „ O ^ 

27 6 „ CO 

40 1 „ H 

14 3 „ CH^ 

10^ » N 

1000 

The union of methane with oxygen takes place accoi cl- 
ing to the equation 

CH4 + 2O2 = CO2 + 2HA 

1 volume methane + 2 volumes oxygen giving 1 volume 
carbon dioxide and 0 volume liquid water 

The volume of carbon dioxide produced by the com- 
bustion is therefoie equal to the volume of methane burnt 
Also 3 volumes before combustion give 1 volume after 
GC^mbustion, the contraction, theiefoie, being 2 volumes 
The volume of methane which was present is, there- 
fore, I the contraction. If the caibon dioxide pi od need 
in the combustion is removed by potash, the total con- 
traction is 3 volumes, and in this case the volume of 
methane originally present is equal to ^ of tlie total 
contraction. 

If a mixture of hydrogen and methane is to be 


40 1 cu. cm 

79 0 „ 

7 8 „ 

2 6 „ 


14 3 
10 4 



gab analysis 

nnalymnl })y burinn^i*; Loth constituents simultaneously, 
thi* of caknilaiion ig exactly the same as is set 

iYrth in Kx. 21% m the case ol‘ ^ mixture of hydiogi?.n 
and carlH)n niunoxide. The equations, of course, require 
In^ altered aeeorilnit^ly 


Ex* 23. - Analysis of a mixture of carbon dioxide, 
oxygen, carbon monoxide, hydrogen, and nitrogen 
(water gas). 

Exactly 100 eu cm. of water measured in a 

Hiaujnd burette, and the caibon dioxide absorbed by 
oxjgnn bj' alkaline pyrogallol or alkaline 
ii^\ pusulphito Hcdution, and carbon monoxide by two 
tr^^utunuits \\ith amnioinaeal cupious chloiide. 

11 m‘ ivsjdnal non -absorbable consisting of hydro- 

gen and xiilrogau, is too much to b® burnt, mixed with 
air, in one lot. Hm burette is, th^^refoie, connected with 
a pipt‘tu% and tluj gas passed over until onjy about 

20 25 on. (un I'onmiii in the burette dhe pipette is 
c!nHt‘d with a clip, and placed uu one side as reserve 
HUpply m case the experiment should require ^to be 
repeatial The portion of gas renaming in the burette 
is then measured exactly, and minced with air to give a 
total volume of rather less than lOO cu cm The mix- 
ture is now e,xplotled exactly as described in Ex. 20 , and 
the nmdting diminution in volume measure . 


this measured 

After abHorptb Ml with KOIf 

A VAl^ i = 

Afkir absorption with pyifij^allol 
A O rs = 

AfWr absorptiou with (’UaGla 
GO =s U2-2 - 53*8 
Non-iihHorbable residue 


100 0 cu cm 


94 4 
56 
92 2 
22 
53 8 
384 
63 8 


}) 

» 

j) 

» 

jj 
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Volume of xesidual gas measured 20 2 cu cm. 


Total volume 

96 4 


Air = 96 4- 20 2 = 

76 2 


Volume after explosion 

. 72 4 

55 

Contraction, 96 4 — 72 4 = 

. 24 0 

>3 

Hydrogen in portion taken, - - 

= 16 0 

33 

Hydrogen in total volume, ^ 

= 42 6 

33 


53 8 cu cm. non-absorbable gas contain 42 6 cu cm hydrogen 
nitrogen = 53 8 — 42 6 = 11 2 cu cm 

The water gas contains, therefoie — 

6 6 per cent CO2 


22 

33 

0 

38 4 

35 

CO 

42 6 

33 

H 

112 

33 

X 

100 0 




Ex 24. — Analysis of water gas by combustion of 
carbon monoxide and hydrogen. 

In this method for the analysis of water gas, the re- 
sidual* gas after absorbing carbon dioxide and oxy^-gen, 
consisting of caibon monoxide, hydrogen, and nitrogen, 
is mixed with oxygen and exploded From the con- 
traction in volume and the volume of caibon dioxide 
produced, the volumes of hydrogen and carbon monoxide 
Oi'ioinally present can easily be calculated 

The combination between carbon monoxide and oxy- 
gen takes place according to the equation 

2 CO -{" O2 ~ 2 CO2J 

2 volumes caibon monoxide and 1 volume oxygen giving 
2 volumes carbon dioxide. 

The volume of carbon monoxide taken is thus equal 
to the volume of carbon dioxide produced By deter- 
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analysed by burning both constituents simultaneously, 
the method of calculation is exactly the same as is set 
forth in Ex 24, m the case of a mixture of hydrogen 
and carbon monoxide The equations, of course, require 
to be altered accordingly* 

Ex. 23. — Analysis of a mixture of carbon dioxide, 
oxygen, carbon monoxide, hydrogen, and nitrogen 
(water gas). 

Exactly 100 cu. cm. of water gas are measured in a 
Hempel burette, and the carbon dioxide absorbed by 
potash, oxygen by alkaline pyrogallol or alkaline 
hyposulphite solution, and carbon monoxide by two 
tieatments with ammoniacal cuprous chloiide. 

The lesidual non-absorbable gas, consisting of hydro- 
gen and nitrogen, is too much to be burnt, mixed with 
air, in one lot The buiette is, therefore, connected with 
a water pipette, and the gas passed over until only about 
20-25 cu cm remain in the burette The pipette is 
closed with a clip, and placed on one side as reserve 
supply in case the experiment should lequire ^to be 
repeated The portion of gas remaining in the burette 
is then measured exactly, and mixed with air to give a 
total volume of rathei less than 100 cu cm. The mix- 
ture is now exploded exactly as described in Ex. 20, and 
the resulting diminution in volume measured. 

Example — 

Gas measured . . . 100 0 cu cm 

After absorption with KOH 94 4 „ 

.•.002 = 100 - 94 4 = . ... 5 6 „ 

After absorption with pyrogallol 92 2 „ 

O = 944-922 = 22 „ 

After absorption with CugOb 53 8 „ 

.•. 00 = 92*2-53 8 38 4 „ 

Non-absorbable residue 53 8 
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Volume of residual gas measured ... . 20 2 cu cm. 

Total volume 96 4 „ 

Air = 96 4- 20 2 = ... . 76 2 „ 

Volume after explosion . . . 72 4 „ 

Contraction, 96 4 — 72 4 = ... 24 0 „ 

Hydrogen in portion taken, ^ = 16 0 „ 

Hydrogen in total volume, = 42 6 „ 

53 8 cu. cm non-absorbable gas contain 42 6 eu cm bydiogen 
nitrogen == 53 8 — 42 6 = 11 2 cu cm 

The water gas contains, therefoie — 

5 6 per cent COo 
2 2 „ O 

38 4 „ CO 

42 6 „ H 

112 „ N 

10^ 

Ex. 24. — Analysis of water gas by combustion of 
carbon monoxide and hydrogen. 

In this method for the analysis of water gas, the re- 
siduaf gas after absorbing carbon dioxide and oxygen, 
consisting of carbon monoxide, hydrogen, and nitrogen, 
is mixed with oxygen and exploded From the con- 
traction in volume and the volume of caibon dioxide 
produced, the volumes of hydrogen and carbon monoxide 
originally present can easily be calculated. 

The combination between carbon monoxide and oxy- 
gen takes place according to the equation 

2 CO “1“ O 2 — 2 CO 2 ) 

2 volumes carbon monoxide and 1 volume oxygen giving 
2 volumes carbon dioxide 

The volume of carbon monoxide taken is thus equal 
to the volume of carbon dioxide produced By deter- 
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mining the volume of carbon dioxide produced in the 
explosion, by absorbing with potash, the volume of 
carbon monoxide originally present is obtained It ls 
also apparent fiom the equation that the contraction 
after the explosion is equal to J the volume of carbon 
monoxide originally present, or carbon dioxide produced 
If, therefore, from the total contraction produced by 
exploding a mixture of hydrogen and carbon monoxide, 
the contraction due to carbon monoxide alone is sub- 
tracted, there is obtained the contraction due to hydro- 
gen, and this on multiplying by f gives the volume of 
hydrogen ca'iginally present 

In ordeif 'to carry out the analysis 100 cu cm. of gas 
are first, measured, and the carbon dioxide and oxygen 
present measured by absorption The major portion of 
the residual gas, consisting of carbon monoxide, hydro- 
gen, and nitrogen, is transferred to a water pipette, so 
that only 20-25 cu cm. remain in the burette This is 
then mixed with air to give a total volume of about 
100 cu cm , and the mixture exploded in the explovsion 
pipette. The hydrogen burns to water, and the carbon 
monoxide to carbon dioxide. The contraction in volume 
is measured, and the amount of carbon dioxide formed 
determined by absorbing with potash. 


Example — 

Gas measured 100 0 cu cm. 


After absorption with KOH 

94 4 


/. COg = 100-944 = 

66 


After absorption with pyrogallol 

92*2 

jj 

0 = 944-922 

2*2 


Eesidual gas measured 

21*4 cu. cm. 

Total volume 

95 6 


^ Air = 95 6 - 21-4 

74 2 

>} 

Volume after explosion 

76 2 


Contraction = 95*6 — 76 2 

19 4 

}) 

After absorption with KOH 

67 3 


CO in residual gas taken, 76 2 — 67*3 

= 8*9 

JJ 
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/. CO in total volume, ^ == 

38 4 cu cm 

Contraction due to CO (j volume) 

45 „ 

„ „ H =“194 — 45 

14 9 „ 

14 9 X ^ 

/. H 111 lesidual gas taken, — ^ — 

99 

H in total volume, - 

42 6 „ 


The non-absorbable gas therefore contains 42 6 cu cm H and 
38 4 cu cm CO 

/. X = 92 2 — (4*2 6 + 38 4) = 11 2 cu cm 


The gas contains, therefore — 


5 6 pei cent CO 2 


22 

55 

0 

38 4 

» 

CO 

42 G 

55 

PI 

11 2 


X 

100 0 




Before returning the exploded gas fiom the explosion pipette 
to the burette, it is advisable to change the water in the latter, as 
this IS liable to contain traces of alkali from the previous absorp- 
tions This trace of alkali Avould absorb carbon dioxide tioiii 
the exploded gas and lead to eiioneous results 

Ex. 25. — Analysis of a mixture of O, CO, H, 
CH^, and N by exploding the gas residue CO, H, 
CHjl, and N. 

A mixtuie of CO, H, CH^, and X can be analysed by 
mixing with aii and exploding, then measuring the 
lesulting contraction, the amount of caibon dioxide pro- 
duced, and the excess of oxygen present in the exploded 
gas, this last value being obtained by again exploding 
with excess of hydrogen From the data thus obtained, 
the pioportion of the various constituents onginally 
present may be calculated in the following mannei — 

(C 524 ) 5 
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Let X = volume of hydrogen 

y = volume of carbon monoxide 
z = volume of methane. 

0 = volume of oxygen added 
N = volume of meit gas (nitrogen added + nitrogen 
originally present) ^ 

Then the volume of gas measured + volume of air 
added 

Vi = m + ^/ + 2: + 0 + N 

After the explosion the volume due to carbon mon- 
oxide and methane remains the same, for both these 
gases give an equal volume of carbon dioxide on com- 
bustion. The volume due to hydrogen disappears as 
the steam formed condenses to watei Theie also dis- 
appears the volume of oxygen required for the com- 
bustion of the carbon monoxide, hydrogen, and methane. 
1 volume of hydiogen requix’es J volume of oxygen to 

X 

burn it, so the x volume present will require ^ oxygen. 

1 volume of caibon monoxide requires also J volume 

qj 

of oxygen foi complete combustion, so that ^ volume of 

oxygen disappeais when y volume is burnt 

Similarly, 1 volume methane requires 2 volumes 
oxygen, resulting in a conti action of when this is 
burnt. 

The amount of oxygen remaining after the explosion 
is therefoie 


The volume of exploded gas is thus 

Vs = N + ?/ + a4-(0-|-|-24 


1 !Ilie method of Classen, somewhat modified, is here followed. 
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The carbon dioxide formed is then absorbed by potash, 
the diminution m volume being equal to the volume of 
lifee carbon monoxide and methane originally present. 

After absorption with potash the volume is therefore 

v,-n + (o-|-|-4 

To determine the amount of oxygen present, a known 
volume of hydrogen H is then added 

The total volume, = V3 + H, or, inseiting the 
above value for Vg, 

V, = ]Sr+(0-|-|-2^;) + H. 

The volume is then exploded, when the oxygen 

dO 'll 

present, 0 — ^ disappears, together with twice 

this volume of hydrogen, 2^0 — | | — 2^;) 

The volume after the explosion is therefore 

V5 = ]sr + H-2(o-|-|-24 

In order to obtain values for x, y, and z from these 
five equations, they must first be brought together into 
three equations After cairying across the values for 
O and H to the left-hand side, we get: 

(1) Vi-0 ^^ + x + y + z 

(2) v,_0 =N-| + |-a 

(3) V 3 -O =N-|-|- 2 ^. 

(4) V 4 - O - H = N - f - 1 - 20 

A Ji 

(5) V 5 + 2O-H=N + a: + 2 / + 40 

Subtracting equation (2) from equation (1), equation (3) 
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from equation ( 2 ), and equation ( 5 ) fiom equation ( 4 ), we 
get 

(6) Vi-Vs =^ + | + 2«. 

(7) Vs- Vs =t/ + s 
v^-Vs-so = 

or dividing by 3 . 


(8) Ii: 


-Vs- 30 = _ 2/ _ 92 

3 2 2 "^’ 


Adding together equations (6) and (8), we obtain: 


03 = Vi-y2 + 


Y -.30 


To obtain the value for y, this value for a?, together 
with the value 0 = Vg — V3 — obtained from equa- 
tion (7), are substituted in equation (6), giving- 

Vi - Vs = |(Vx - Vs + ^4-V^-3 0) + 1 + 2(V, - Vs - 2 /), 
whence 

y = i[Vi-V2 + 4(V2-V3) + V,~V5--30] 

The value of ^ may be obtained from equation ( 7 ). 

or by substituting the above value for y 

z = i[-"(V,-V 2)-(V2~V3)™(Y4-V5~-30)] 

== V3 + V5 + 3Q^(Y,+Y4 ) 

3 

The amount of nitrogen is given by the diffeience 
between the volume of gas measured and the sum of cc, 
and 0. 

In order to carry out the analysis, 100 cu cm of the 
gas lUisture are first measured, and the amount of carbon 
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dioxide and oxygen measured by absorption in the usual 
manner. 15-20 cu cm of the residual gas aie then 
^neasured, mixed with air to nearly 100 cu. cm. and 
exploded. The resulting conti'action is measured, and 
the carbon dioxide formed determined A measured 
volume of hydrogen is then added, the mixture exploded, 
and the conti action again measured It may happen 
that the mixture, after adding the hydrogen, will not 
explode, in this case a sufficient volume of electrolytic 
gas should be added to bring about an explosion. It is 
not necessary to measure the volume of the explosive 
gas added, as it disappears completely after explosion. 

Example — 


Yolume measured . 


. . 100 0 cu 

cm 


After absorption mth KOH 


95 8 



CO, = 100 - 95 8 


42 



After absorption with pyiogallol 

92 4 

J> 


0 = 95 S - 92 4 

. 

. 34 

?) 


Non-absorbable residue . . 

‘ . 

92 4 



Gas residue measured 


20 4 cu 

cm. 


Total volume 


. 96 6 


Vt 

, Air 


76 2 

>7 


Containmg oxygen 

. . 

. 15 93 

5) 


„ nitrogen 


60 27 

5> 


Yolume after first explosion 

. 

73 8 

55 ~ 

V, 

After absorption with KOH 


. 64 5 

55 ~ 

V. 

Hydrogen added . . 

. 

10 2 

55 


Total volume 


74 7 

55 “ 

V* 

After explosion 


... 68 7 

.5 == 


H = 

30' 

J 

) 



= 96 6 - 73-8 + ZiLn 

68 7 

— 47 79 




= 8*9 cu. cm. in 20 4 cu cm. 

CO = i[Vx-"V, + 4(Y2-V3) + V4-V5-30] 

= |[96 6 -73*8 + 403 8 — 64 5) + 747 -68 7 -47 79 
= 6*1 cu. cm. m 20 4 cu cm. 
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CH4 = V. + V« + 30-(V,+V4) 

3 

_ 64 5 + 68 7 + 47 8 - 96 6 —74 7 
3 

= 3 2 cu cm in 20 4 cu cm 

ISr = 20 4 — (8 9 + 6 1 + 3 2) = 2 2 cu cm in 20 4 cu cm 

The gas therefore contains — 

42 pel cent CO2 


34 


0 

40 3 


H 

27 6 

3 > 

CO 

14 5 

33 

CH4 

10 0 

53 

N 

100 0 




Ex. 26. — Determination of the amount and com- 
position of the gases dissolved in water according 
to the method of Preusse and Tiemann. 

The apparatus necessary for this experiment is shown 
in fig. 19 It consists of two boiling flasks A and B, each 
of about 1 1. capacity, and a gas collector c This has a 
diameter of about 35 mm and a height of 300 mm„, and 
is drawn out to a capillary tube fitted with a short 
piece of thick- walled rubber tubing and a pinchcock m 
A is closed by a one-hole rubber stopper, through which 
passes a bent glass tube a, ending flush with the stopper, 
c is closed by a two-holed rubber stopper, with two glass 
tubes bent at right angles, one tube e projecting about 
8 cm into the vessel, the other / ending just above the 
stopper The flask A is connected to the gas collector 
by the bent tube ccZ, the necessary joints being made 
with thick-walled rubber tubing, the connection h carry- 
ing a pinchcock. B is closed with a two-holed rubber 
stopper with two bent glass tubes, one of which i reaches 
almost to the bottom of the flask, and the other h ending 
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just beldw the stopper Attached to h is a length of 
rubber tubing I B is connected to the gas collector by 
the bent tube gli. To use the apparatus, the capacity 
ol A must first be determined To do this the rubber 
stopper with glass tube is pushed into the flask as far as 
possible, and the position of the lower edge of the stopper 
marked The stopper is then removed, and the flask 
filled up to this maik with watei*, using first measuring 



flasks, then a burette. The volume of water required 
gives the capacity of the flask. The flask b is then 
filled with a 5-per-cent solution of caustic potash, and 
the gas collector, together with all connecting tubes up 
to the connection 6, filled with this solution hy blowing 
through the tubing Z, and opening the pmehcocks 6 and 
m. Dilute caustic potash is used for this purpose, so 
that the carbon dioxide which all ordinary waters contain 
may be absorbed, as it is not required to estimate this 
gas in this case The flask A is then completely filled 
with water, and the rubber stopper pushed in, so that 
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the displaced water completely fills the tube h, which 
IS then connected to c, and the pinchcock at h removed. 

The two flasks are then heated, so that the contents of 
B boil gently, and of a rather more vigorously. The air 
dissolved in the water is driven out, and collects in the 
upper part of the gas collector Steam also enters the 
gas collector, heats the caustic solution, and diives out 
all dissolved air The air driven out is removed from 
time to time by opening the pinchcock and blowing 
thiough the tube I 

When air bubbles no longer collect in the gas collector 
the tube h is closed, the burner under A extinguished, 
and the flask removed The appaiatus is now ready 
for the actual experiment, as all dissolved air has been 
removed fiom the potash solution, and as h and m aie 
closed, and the contents of B kept gently boiling, no air 
can entei 

The flask A is then filled with the water to be investi- 
gated, the stopper pushed m so as to fill the glass tube 
with the displaced water, and the tube then attached to 
the rest of the apparatus at h Care must be taken that 
no air bubble remains below the stopper or in the various 
connections The pinchcock is then removed, and the 
water m A heated to boiling. The dissolved gas is 
gradually driven out of the water and collects in the gas 
collector, Caie must be taken that the water does not 
boil so vigorously as allow air bubbles to escape through 
/, g, /i. After boiling for 20 min. the flame is extin- 
guished, and it is noted whether the water drawn back 
completely fills flask A, or whether small air bubbles 
collect below the stopper. In this latter case the boiling 
is continued until these are displaced. The flame under 
A is then removed, h closed, and the flask removed The 
short rubber connection at m is then filled with water, a 
capillary connection tube inserted, this connected to a 
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Hempel burette, and the gas transferred and measured. 
After measuring the volume of the gas, it is mixed with 
excess of hydrogen, exploded in the explosion pipette, 
transferred back to the burette, and the contraction 
measured. From the contraction observed the amount 
of oxygen present is readily calculated, and the residue 
IS put down as nitiogen. 

Ex. 27. — Determination of the amount of oxygen 
dissolved in water by L. W. Winkler^ s volumetric 
method. 

In this method a measured volume of the water to 
be examined is brought into intimate contact, m absence 
of air, with a solution of caustic soda containing potas- 
sium iodide, and a solution of a manganous salt The 
latter reacts with the alkali, giving a precipitate of 
manganous hydroxide, which immediately combines with 
the oxygen dissolved in the water to give manganic 
hydroxide: 

2 MnCU + 4 NaOH = Mn(OH )2 -f 4 NaCl 
2 Mn(OH)3 + O + H 2 O = 2 Mn(OH)3 

If, hydrochloric acid is now added to the reaction 
mixture, the manganic hydroxide dissolves to form man- 
ganic chloiide, which then splits up into manganous 
chloride and free chloiine This latter then liberates an 
equivalent amount of iodine from the potassium iodide, 
or rather hydriodic acid present, and this can be titrated 
against a standard solution of sodium thiosulphate* 
2 Mn(OH )3 + 6HCl = 2 MnCl 3 + 6 H 30 
2MnC]3 = 2MnCl2 + Cl2 
CI 2 + 2 HI = 2HC1 + L 

From the equations it is seen that 1 molecule iodine 
corresponds to ^ molecule oxygen. 

The reagents necessary for carrying out the experi- 
ment are — 
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1 A solution of potassium %od%de in caushc "soda — 
10 g potassium iodide are dissolved in 100 cu cm 33-per- 
cent caustic soda solution, the soda being preferably pre- 
paied from the metal The potassium iodide used must 
be free from lodate, and the soda from nitrite. The mix- 
ture after acidifying must give no blue coloration with 
starch paste 

2 A solution of manganous ddoride — 80 g crystal- 
lized manganous chloride, MnClg, 4 HgO, are dissolved in 
100 cu. cm. water. The solution must be free fiom iron, 
and must give no blue coloration when acidified and mixed 
with a solution of potassium iodide and starch paste 

3 Pure concentrated hydrochloric acid conta%mng no 
free chlorine 

The analysis is carried out in a glass bottle of about 
250 cu. cm. capacity, provided with a well-ground-in 
glass stopper. The capacity is measured by weighing 
the dry bottle and stopper to 1 g, then filling com- 
pletely with distilled water, inserting the stopper so 
that no air bubbles are enclosed, and weighing again 
after well drying the outside 

The difference between the two weights givea the 
capacity of the bottle. 

The bottle is then completely filled with the water 
to be investigated, and by the aid of a long-stemmed 
pipette, first 1 cu. cm. alkaline potassium iodide, and 
then 1 cu cm. of manganous chloride solution are run 
on to the bottom of the bottle The w^ater displaced 
by the reagents is allowed for in the calculation. The 
stopper is then inserted, taking care not to enclose air 
bubbles, and the reagents intimately mixed with the 
water by repeatedly inverting the bottle The whole 
is then allowed to stand quietly until the precipitate 
has settled to the bottom. 

When this has taken place, the stopper is removed 
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and 3 cu cm concentrated hydrochloric acid is run on 
to the bottom of the bottle with a long-stemmed pipette, 
j^e stopper replaced, and the bottle shaken The water 
displaced by the acid need not be taken into account, as 
the whole of the oxygen originally piesent in the water 
will now be combined with the manganese 

The contents of the bottle aie then washed out into 


an Erlenmeyer flask, and the libeiated iodine titiated 
against N/lOO sodium thiosulphate 


Example — 


Weight of bottle filled with water 

604 4 g 

„ empty bottle 

342 2 „ 

Capacity of bottle 

262 2 „ 

Volume occupied by reagents 

. 20 „ 

„ of water analysed . 

260 2 „ 

N/lOO thiosulphate requiied 

27 6 cu cm. 

1 cu cm thiosulphate is equivalent to 

0 00008 g 0 

27 6 cu cm „ are „ 

0 002208 „ 0 

Weight of 1 1 oxygen 

1 42923 „ 

.-. 0 002208 g 0 = 1000 X0 002208 ^ 

1 55 cu cm 0 


260 2 cu cm of the water analysed contam 1 55 cu cm 
oxygen at 0® and 760 mm 

/. 1 1 of water contains ^ = 5 94 cu cm oxygen at 

0^ and 760 mm 260 2 


Ex. 28. — Analysis of illuminating (coal) gas with 
the Hempel apparatus. 

^ Purified coal gas is essentially a mixture of the follow- 
ing gases: — 

Carbon dioxide 
Heavy hydrocarbons. 

Oxygen. 

Carbon monoxide. 

Hydrogen 

Methane. 

Nitrogen 
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To carry out the analysis, water saturated with coal 
gas must fiist be prepared. This is readily done by 
placing 1 1 of water in a 2-1 flask, displacing the aw’ 
by coal gas, closing the flask with a rubber stopper, 
and shaking vigoiously for some time. This should be 
repeated once again with the same liquid and fresh gas. 
100 cu cm. of coal gas aie then measured over this solu- 
tion, the carbon dioxide absoibed by potash, then heavy 
hydrocarbons by bromine water, oxygen by alkaline pyxo- 
gallol, and carbon monoxide by two treatments with 
cuprous chloride solution The non-absorbable residue, 
consisting of hydrogen, methane, and nitrogen, is then 
transferred to a water pipette, and the liquid in the 
burette substituted by distilled water 10 to 15 cu. cm. 
of the gas residue are then measured off', mixed with air 
to neaidy 100 cu cm., and exploded in the explosion 
pipette. The contraction produced is then measured, 
the carbon dioxide foimed in the explosion absorbed, 
and finally the excess of oxygen determined by a pyro- 
gallol pipette. The excess of oxygen is measured simply 
to show whether sufficient of this gas has been present 
for the complete combustion of the hydiogen and md:hane. 


Example — 


Gas measured 

100 0 cu 

. cm. 

After absorption with KOH 

97 4 


/. CO 2 = 100 - 97 4 

2 6 

jj 

After absorption with bromine watei 

92 6 


/. Heavy hydrocarbons, 97 4 — 92 6 

48 


After absorption with pyrogallol .. 

92 0 

j) 

Oxygen, 92 6 — 92 0 

06 

» 

After absorption with cuprous chloude 

80 9 


CO = 92*0 - 80 9... 

11*1 

J5 

Non-absorbable residue 

80 9 

>5 

Residual gas measured 

15 0 cu 

cm. 

Total volume 

98 6 


Air 

83*6 
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Volume after explosion 
Contraction, 98 6 — 75*6 
After absorption of KOH . 

/. Methane in gas lesidue measured, 
75 6 — 70 6 = 

Methane in total volume 
Contraction due to methane 

Contraction due to hydrogen, 
230-100 = 

/. H in gas residue measuied, 

o 

H in total volume 
N = (80 9) - (27 0 + 46 9) 


75 6 cu 

cm 

23 0 

J5 

70 6 


50 

» 

27 0 


10 0 

JJ 

13 0 

JJ 

87 


46 9 


70 

5J 


The sample of coal gas contains, therefore — 
2 6 per cent carbon dioxide 


48 

JJ 

heavy hydrocarbons 

06 

JJ 

oxygen 

11 1 

JJ 

carbon monoxide 

27 0 

JJ 

methane 

46 9 

JJ 

hydrogen 

70 

JJ 

nitrogen 


100 0 


29. — Estimation of ethylene and benzene in 
coal gas according to Haber and Oechelhauser. 

If bromine water be allowed to react with a gas con- 
taining ethylene and benzene, both of these substances 
are absoibed, and from the resulting contraction the 
combined volume of the two is obtained. The ethylene 
present combines chemically with the biomine, giving 
ethylene dibromide, according to the equation 

CHg—CHs + Bra = CHaBr - CEgBr, 

whilst benzene is not attacked but only mechanically 
removed. There is, therefore, used up only that amount 
of bromine corresponding with the amount of ethylene 
present, and this amount can be determined by titiating 
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the bromine water before and after absorption of the 
gas, against standard thiosulphate 

The difference between the amount of ethylene thu§i, 
found and the total amount of ethylene and benzene, 
gives the amount of the latter. 

To perform the analysis the Bunte burette is used. 
90 cu cm. of coal gas are measured over coal-gas water, 
the temperature and barometric pressure being noted 
The water up to the tap is then removed by suction, 
the burette allowed to diain 5 mm, and the drainage 
removed. About 85 cu cm half- saturated bromine 
water is then poured into a small porcelain basin, and 
about 10-15 cu cm of this allowed to ascend into the 
burette The height of the biomine water is read off, 
and then a little water passed in to rinse out the capil- 
laiy The buiette is now shaken vigorously foi 2 min, 
so that all heavy hydrocarbons are absorbed, care 
being taken that excess of bromine remains piesent 
A sufficient quantity of 20-per-cent potassium iodide 
solution is now allowed to enter, and after shaking 
and then adjusting the pressure the volume is read off 
The whole of the contents of the burette is next washed 
out into an Erlenmeyer flask, and the liberated iodine 
titiated against sodium thiosulphate 

The expeiiment is now lepeated with the same burette 
and bromine water, but substituting aii foi the coal gas 
previously used, the bromine water being allowed to risg^p 
to exactly the same height in the burette as in the first 
experiment The difference between the amounts of 
thiosulphate required in the two experiments gives the 
amount of ethylene piesent. 

Example — 

Heiglit of hquid at commencement . . 10 0 cu. cm 
/. Yolume measured . . 90 0 „ 

t = 20°, Bai, == 755 mm. 
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Hei^t of biomme water . .. . . 40 cu. cm. 

„ liquid after admitting KI solution 

and adjusting pressure 14 5 „ 

Heavy hydrocarbons = 14 5 — 100 45 „ 

= 5 0 per cent 

Blank experiment requires . 14 20 cu cm N/10 thiosulphate 

Actual 5, with coal gas 11 10 „ „ „ 

Difference 31 „ „ „ 

3 10 cu cm. N/10 thiosulphate correspond to 004346 g ethy- 
lene = 3 45 cu cm ethylene at 0° and 760 mm = 3 82 cu cm. 
moist ethylene at 20° and 755 mm 

90 cu cm of coal gas contain 3 82 cu cm = 4 24 per cent 
ethylene 

Total heavy hydrocarbons ... 5 00 per cent 

Ethylene ... 4 24 „ 

Benzene (by difference) .. . 0 76 „ 

Ex. 30.— Determination of the amount of oxygen 
in the air by means of WohVs gas flask. 

The principle of this method is as follows — 

The gas is enclosed in a flask of known capacity, and 
treated in the flask with a suitable absorption reagent 
Water is then allowed to enter the flask until the resid- 
ual gas is under its original pressure. The volume of 
the constituent absorbed is then equal to the volume of 
absorption reagent plus the volume of water which has 
entered The flask used is an ordinary boiling flask of 
^bout 100-200 cu cm capacity. It is closed with a 
rubber stopper with one hole, which can be forced in to 
a mark running round the neck of the flask about 1 J-2 
cm from the lip A capillary tube, 4 cm. long, passes 
through the stopper, and attached to this is a short 
length of thick-walled pressure tubing provided with a 
pinchcock (fig 20) 

To measure the capacity of the flask, it is first rinsed 
with distilled watei*, allowed to diain about a minute, 
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and then either 100 or 200 cu cm. water run in, •accord- 
ing to the size of the flask, from a 100-cu -cm pipette 
The flask is then filled exactly to the mark from a 
burette. To carry out the analysis, a funnel, having 
a stem cut off straight, about 3~4 cm. long is inserted 
into the rubber tube, the stopper is then forced into 
the flask exactly to the maik, and the pinchcock 
closed 

10 cu cm of alkaline sodium hyposulphite solution are 
then poured into the funnel, and any air bubbles which 
may remain in the rubber tube detached with a wire 


Y 

I 




On cautiously opening the pinchcock a few drops of the 
reagent enter the flask, and absorption of oxygen begins 
This can be accelerated somewhat by gently agitating 
the flask As the absorption proceeds more reagent is 
allowed to enter, always keeping the funnel filled with 
liquid. When all the reagent possible has entered, the 
flask IS held with the thumb and forefinger in such sf 
way that the funnel lies to the back of the hand, and 
vigorously shaken for 3 min. The funnel is then filled 
up with distilled water, and this allowed to run into the 
flask till no more will enter, care being taken that no 
air bubbles pass in 

In order to bring the flask and contents to its original 
temperature, it is immersed for 1-2 min. in a bath of 
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water at room temperature, and the pinchcoek opened, 
when more water will enter. To make quite sure that 
4jhe flask is cooled to the light temperature it must 
again be immersed in the bath, and the pinchcock then 
cautiously opened. No more water should enter, if it 
does, the operation must be repeated The gas in the 
flask IS, however, under a piessure greatei than atmos- 
pheric pressuie, being, in fact, under a pressure equal to 
the atmospheric pressure plus the pressure of the column 
of water in the capillary tube, rubber connection, and 
funnel 

To reduce to atmospheric pressure, the funnel is first 
lenioved and substituted by a short length of glass 
tubing The flask is then held in the position shown in 
the figure, so that the neck is filled with liquid, and the 
pinchcock squeezed The short length of tube then fills 
with water, and a little is forced out. The flask is then 
very carefully lowered, keeping the pinchcock open, until 
it is exactly horizontal Water then flows back from 
the tube into the flask until the pressure inside is exactly 
equal to the atmosphere The pinchcock is then closed, 
and removed, together with the stopper There is now 
in the flask a volume of liquid equal to the volume of 
oxygen absorbed. 

To measure this volume, 50 or 100 eu. cm. of water 
aie run in (according to size of flask) from a pipette, and 
Ae flask then filled exactly to the mark from a burette. 
The difierence between the capacity of the flask and the 
volume now required to fill it, is equal to the volume of 
liquid already in the flask, i.e. to the volume of absorbed 
oxygen 

In pushing in the stopper and in reducing to atmos- 
pheric piessure, the greatest possible care must be 
taken not to touch the body of the flask with the 
hand. 
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Example , — 

Capacity of flask 174 5 cu cm. 

Yolume required to fill up . 138 3 „ 

/. 0 in 1745 cu cm = 1745 — 138 3 = 30 2 „ 

O volume per cent = — 74 ,, 

174 5 

Ex. 31. — Estimation of nitrous oxide. 

If a mixture of nitrous oxide and hydrogen be heated 
to a sufficiently high temperature, the hydrogen burns 
at the expense of the nitrous oxide, producing water and 
nitiogen 

NgO + H 2 = HoO + N 2 

1 vol nitrous oxide + 1 vol hydrogen giving 1 vol 
nitrogen + 0 vol water The contraction produced is 
thus equal to the volume of nitrous oxide originally 
piesent The gas mixture can either be exploded with 
an electric spark, or better, combination brought about 
without explosion by passing the mixture through a 
glowing Drehschrmdt platinum capillary 

The Drehseknmdt platinum capillary is a thin platinum 
tube, to the ends of which are soldered two copper tubes 
bent at right angles. To pi event the joints from becom- 
ing too hot they are protected by copper j'ackets filled 
with water. 

In exact analyses, it is necessary to know the exact 
volume content of the platinum capillary for the follow- 
ing reason: — The capillary contains at the commence- 
ment of the experiment a mixture of oxygen and ni- 
trogen (air) during the combination of the nitrous oxide 
and hydrogen, this oxygen combines with an equivalent 
amount of hydrogen to form water, and, theiefore, 
there disappears, not only this volume of oxygen, but 
the hydrogen necessary for its combustion, and this re- 
quires to be corrected for To measure the capacity of 
the platinum capillaiy the following method is adopted. 
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One end of the capilLuy is connected to a Hempel burette 
containing meicury then by raising the levelling tube 
•the level of the mercuiy is brought to the zeio niark, 
and the fiee end of the capillary closed by a rubber tube 



and clip The levelling tube is then lowered until the 
distance between the mercury surfaces in the mea'Suring 
and levelling tubes is equal to half the prevailing baio- 
metric height The volume of the air in the capillaiy 
is thus doubled, so that the volume as read off in the 
burette is equal to the internal capacity of the capillary. 
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As nitrous oxide is very appreciably soluble in water, 
it must be measured over mercury The burette used is 
an ordinary Hempel burette, the levelling tube of which 
is replaced by a levelling vessel of the form shown in 
the diagram (fig 21), the mercury m the narrow side 
tube of which can leadily be brought to the same height 
as the mercury in the measuring tube 

To carry out the analysis, about 20 cu cm of nitrous 
oxide are accurately measured, and mixed with about 
30 cu cm. of hydrogen. The Drehschmidt capillary is 
then connected to a mercury pipette by a short piece 
of pressure tubing, and the connection closed with a 
pmchcock. The other end of the capillary is connected 
with the burette, the pinchcock of the pipette opened, 
and the height of the me»cuiy m the pipette capillary 
maiked The platinum tube is now heated with a small 
flat burner, the levelling vessel of the burette raised and 
that of the pipette lowered, and the pinchcock carefully 
opened so that the gas passes through the heated tube 
in a slow stream until only about | cu. cm remains in 
the burette The gas is then returned to the burette, 
and the operation once more repeated After waiting 
about fifteen minutes, so that the gas may cool com- 
pletely, the mercury in the pipette capillary is adjusted 
to its former level, and the volume of the gas then read off. 

The nitrous oxide is obtained either from a bomb or by the 
action of hydroxylamine hydrochloride on a solution of feTX<^s, 
chloride, according to the equation* 

4 FeCIs + 2 NHs . OH, HCl = 4 FeClg + N^O + H 2 O + 6 HCl 

A boiling flask of about 250 cu. cm capacity is filled about one- 
third full with a concentrated solution of ferrous chloride, and 
fitted with a two-hole rubber stopper, through one hole of which 
passes a dropping funnel and through the other a gas deliveiy 
tube. 

The solution m the flask is heated to 50-70® and the hydroxy- 
lamine hydrochloride solution dropped in through the funnel, 
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\-vlien the* nitrons oxide is immediately evolved Before taking 
a sample of gas for the experiment, the gas must be allowed to 
escape from the apparatus until all air is displaced 
* The mercuiy pipette (see fig 21) consists of two bulbs, contain- 
ing mercury one of which is mounted on an iron stand and ends 
in a capillaiy with seveial bends, as in the Hem pel pipette This 
bulb IS connected by a length of thick- walled lubber tubing to the 
second bulb, the levelling bulb, which is mounted on an iron foot. 

Calculation of result — Internal capacity of platinum 
capillary = 1 6 cu. cm This volume of air contains 
33 cu cm. oxy^gen, which requiies 66 cu cm hydro- 
gen foi complete combustion. There disappears, there- 
fore, 99 cu cm of gas due to the air in the capillary 
tube, in addition to the contraction due to the actual com- 
bination of nitious oxide and hydrogen This amount 
must consequently be subtracted from the total con- 
traction to obtain the con ti action due to the combustion 
of nitrous oxide alone, which, according to the equation, 
is equal to the volume of nitrous oxide originally present. 

Example — 


Volume of N 2 O mea&uied 

. 19 8 cu 

cm 

Total volume 

. 50 4 

5) 

, Hydrogen = 50 4 — 19 8 

30 6 

5> 

Volume after combustion 

29 9 


Contraction, 50 4 — 29 9 

20 5 

j} 

Contraction due to NgO = 20 5 -- 0 99 . 

19 5 

3) 

Volume of N 2 O 

. 19 5 

J5 


Ltinye has proposed to absorb nitrous oxide in air-free 
alcohol. This method, hoAvever, does not give accurate 
results, as other gases are very appreciably soluble in 
alcohol Another method for the estimation of nitrous 
oxide depends on the fact that when this gas is heated to 
a sufBciently high temperature it splits up into nitrogen 
and oxygen according to the equation 
2 N2O = 2 N2 -b O2, 

2 volumes of nitrous oxide giving 2 volumes of nitro- 



86 


GAS ANALYSIS 


gen and 1 volume of oxygen. The increase in volume 
is thus equal to half the volume of nitx'ous oxide origi- 
nally present W%nlder proposed to bring about thi»- 
reaction by passing the gas ovei a glowing palladium 
wire, but in this form the method is inaccurate. Hempel 
has moie lecently worked at this method, and brings 
about the dissociation of the gas into its components, 
nitiogen and oxygen, by mixing with explosive electro- 
lytic oxygen -hydrogen mixtuie (detonating gas), and 
exploding the whole The high temperature of the 
explosion causes the gas to dissociate 

The combustion with hydiogen is, however, the more 
pieferable method, as in this case the change in volume 
is equal to the volume of nitious oxide oiiginally present, 
whilst m the dissociation method the change is only 
equal to one-half. 

Ishtric oxide may be estimated in exactly the same 
way as nitious oxide, the reaction pioceedmg according 
to the equation 

2NO + 2H2 == N2 + 2HA 


2 volumes nitric oxide + 2 volumes hydrogen giving 
1 volume nitrogen The contraction produced by ex- 
ploding 2 volumes of nitric oxide is thus 3 volumes, so 
that the amount of nitric oxide originally present is 
equal to two-thirds of the contraction In carrying out 
this estimation the mixture of nitric oxide and hj^drogen*- 
must be passed as slowly as possible through the platinum 
capillary, which must be heated to bright redness, other- 
wise pait of the nitric oxide is reduced to ammonia, and 
too high a result obtained. 

Ex. 32. — Qualitative tests for carbon monoxide. 

Haemoglobin, the colouring matter of blood, has the 
property of combining with oxygen to form a body 
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called oxyhasmoglobin H£euioglobin is contained in 
venous, oxyhtemoglobin m arfceiial blood If caibon 
♦monoxide be allowed to leact with a solution of hsemo- 
globin or oxyhseinoglobin, it combines with the former 
to give caibon-monoxide hasmoglobin, or displaces oxj^gen 
fiom the latter to form the same compound 

Caibon -monoxide hemoglobin gives quite different 
reactions to hemoglobin or to oxyhemoglobin, so that 
by using blood even tiaces of carbon monoxide may be 
detected. 

Preparation of carhon-monoxide blood — To prepare 
this for the experiments which are described below, 
about 50 cu cm defibiinated blood are placed in a flask 
of about 200 cu cm capacity, and the air displaced by 
coal gas The flask is closed with a stopper and vigor- 
ously shaken, the gas being leplaced by fresh gas three 
or four times, and the shaking repeated. By this treat- 
ment the oxylnemoglobin is conveited into carbon-mon- 
oxide haemoglobin 

Hoppe- Seyler's caustic soda test — 10 cu cm of 
carbon-monoxide blood aie placed in a test tube, side by 
side with 10 cu cm ordinary blood, and 10 cu cm. of 
caustic soda solution of sp. gr 1 3 added to both The 
noimal blood gives an almost black, slimy precipitate, 
whilst the carbon-monoxide blood coagulates to a bidght- 
red mass. 

Hoppe-SeyleFs test is the oldest of the various tests 
which have been proposed to detect caibon monoxide in 
blood, and it has been of great service in the case of 
suspected carbon-monoxide poisoning The test is, how- 
evei, not very delicate, and fails when the blood to be 
examined contains less than 1 part of caibon-monoxide 
blood in 5 parts normal blood 

The potassium ferrocyamde test of Kunhel and 
WelzeL — 5 cu. cm carbon-monoxide blood and 5 cu. cm. 
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normal blood are diluted side by side with 20 'cu cm 
water To each of these dilute solutions, contained in a 
test tube, are added 5 cu. cm 20-per-cent potassium, 
ferrocyanide solution, and then 1 cu cm acetic acid 
(1 volume glacial acetic acid + 2 volumes watei), and 
the contents of the tubes gently mixed A precipitate 
is thus obtained which in the case of normal blood is 
giey, but a bright cheiry-red with the blood containing 
carbon monoxide The test is very delicate, as it is 
quite possible to detect the difference in colour between 
noimal blood and blood containing only 1 pai't in 12 of 
carbon- monoxide blood After 2 to 6 days the difference 
in colour of the two precipitates disappeais 

The presence of carbon monoxide in tobacco smoke 
may readily be demonstrated by means of this test 20 
cu cm. diluted blood is placed in a flask of about 200 
cu cm. capacity, provided with a two-holed stopper, 
through one hole of which passes a glass tube bent at 
right angles reaching neaily to the bottom of the flask, 
the other hole remaining open Tobacco smoke is blown 
several times through the glass tube, and the flask w^ell 
shaken On testing 10 cu. cm. of the blood, it will be found 
that the colour reaction is quite distinctly noticeable. 

Kunkel and WelzeVs tanmn test — 5 cu cm of each 
of the two diluted blood solutions as piepared for the 
ferrocyanide test are placed in test tubes, and about 
15 cu cm. of 1-per-cent solution of tannin added. 

At first sight the two solutions appear to be of the 
same shade of red, but on examining carefully it will be 
seen that the carbon-monoxide blood tube shows a dis- 
tinct bluish shade, whilst the noimal blood is inclined 
to yellow. After standing some time, the difference in 
shade becomes more pronounced The precipitate ob- 
tained with normal blood becomes slowly bx'owmish, then 
brownish-grey, and finally after 24 to 48 hr grey, whilst 
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the pr^ipitate from earbon-monoxide blood retains its 
bright caimine colour. 

The tannin test is about as sensitive as the ferro- 
cyanide test, but lias the gieat advantage that the 
difference in the two colours is extiaordinanly stable, 
even m open test tubes After ten months the difference 
in colour between the two precipitates is distinctly notice- 
able The sensitiveness and great stability of this test 
make it a very valuable one for forensic purposes. 

Besides the tests mentioned, an extraordinarily laige 
numbei of others have been described, but none of these 
have the sensitiveness of the potassium ferrocyanide and 
tannin leactions 

Detection of carbon monoxide by spectroscopic methods 
— Carbon- monoxide blood has a brighter colour than 
normal blood The difference in colour is not, however, 
readily noticeable to the naked eye, but is readily shown 
by the spectroscope To demonstiate the difference, normal 
blood is diluted with 40 times its volume of water, so 
that the solution is only a faint rose colour It is then 
placed in a small glass trough with parallel walls, between 
the §lit of a spectroscope and a source of light On look- 
ing through the instrument, two broad absorption bands 
are noticeable. Two or three drops of ammonium sul- 
phide are now added to the contents of the trough, and 
after stirring, the solution again examined through the 
spectroscope It will be seen that a single but distinctly 
bioader band has taken the place of the two bands first 
observed 

If the solution of normal blood be now replaced by 
a solution of caibon-monoxide blood of similar dilution 
and observed through the spectroscope, two absorption 
bands are also seen, almost in the same position as with 
normal blood, though actually displaced a little towards 
the green end. 
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On. mixing with ammonium sulphide, ho^\’e\^r, the 
two bands do not disappear but remain unalteied 

This reaction is so chai actei istic that a confusion with 
any other gas which may be dissolved in blood is out of 
the question The spectioscope method is not, however, 
so delicate as the purely chemical tests 

If it is required to test for the presence of small 
quantities of caibon monoxide, eg. in air, by any one 
of these methods, which might be of great hygienic 
importance, the following method of proceduie can be 
adopted A large flask of about 10 1 capacity is filled 
with distilled water, and then emptied in the air it is 
lequired to test Normal blood, diluted as described, 
is then poured into the flask and shaken vigoiously for 
some time The blood absoibs any carbon monoxide 
which may be piesent, and can then be tested either 
spectioscopically or chemically for the presence of this 
gas. 

Using the tannin test, it is possible to show the presence 
of carbon monoxide in air containing as little as 0023 
per cent of this gas. 

Detechon by means of palladious chloride — If carbon 
monoxide be passed into an aqueous solution of palladious 
chloride, it is oxidized to carbon dioxide, and at the same 
time metallic palladium is precipitated . 

PdCb + CO + H2O = Pd + CO3 + 2 HCl. 

To obtain a stream of carbon monoxide, a few grammes 
of oxalic acid are heated with a little concentrated sul- 
phuric acid in a test tube provided with a bored cork and 
bent glass delivery tube A mixtuie of equal volumes of 
carbon iQonoxide and caibon dioxide is obtained, accord- 
ing to the equation: 

COOH 

I CO + CO2 + H3O. 

COOH 
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If af eunent of gas so obtained be led into a solution 
of sodium-palladious chloride contained in a test tube, a 
black precipitate of metallic palladium is at once ob- 
tained, and the brownish -red solution is decolorized 
This test for caibon monoxide is very delicate, but has 
the great disadvantage that it is not confined to carbon 
monoxide, as other gases, e g hydrogen and ethylene, are 
also able to reduce palladious chloiide 

Ex. 33, — Qualitative tests for acetylene. 

Acetylene, C 2 H 2 or CH=CH, possesses the propeity 
of giving very characteiistic precipitates witli ainmo- 
niacal solutions of copper 01 silver salts With ammo- 
niacal cuprous chloiide, for example, it gives a fine red 
body, copper acetylide, C 2 H 2 , CU 2 O, which when dry is 
extraordmaiily explosive, and with ammoniacal silver 
solutions, silver acetylide, C 2 H 2 , Ag>0, which is also 
highly explosive when dry The two compounds aie 
insoluble in watei and in ammonia, and may be used 
to detect even tiaces of acetylene 

Copper test — 1 g of ciystallized copper sulphate is 
dissolved in a 50-cu-cm flask in as little watei as 
possible, and 4 cu cm 20-pei-cent ammonia added A 
concentrated aqueous solution containing 3 g of hy- 
droxylamine hydrochloride is added to this deep-blue 
liquid, when gas evolution begins, and the solution is 
decolorized with the formation of a cuprous solution 
The liquid is then diluted to 50 cu cm If a few cubic 
centimetres of this reagent aie placed in a test tube and 
acetylene bubbled through, a beautiful brownish -red 
precipitate of copper acetylide is at once obtained 
Acetylene may be generated by the action of watei on 
calcium carbide, the equation being 

CaGa + H^O = CgH^ + CaO. 
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A convenient form of generating appaiatus is Shown 
in fig 22 It consists simply of an ordinary pump flask, 
the bottom of which has been pushed in to form a cone 
The mouth of the flask is closed by a lubber stopper, 
through which passes a wide glass tube Sufficient 
water is first put in the vessel to covei the end of the 
glass tube Small pieces of caibide are now diopped in 
thiough the wide tube, and these, owing to the shape 
of the bottom, glide dowm to the edge, so that 
the gas bubbles generated do not escape 
through the glass tube. 

The presence of acetylene in coal gas may 
readily be demonstiated by the use of the re- 
agent desciibed above. A few cubic centi- 
metres are placed in a tall cylinder provided 
with a glass stopper, and the air in the vessel 
displaced by coal gas. On shaking the re- 
agent vigorously with the gas in the stoppered 
cylinder, a fine red precipitate is immediately 
obtained. 

S'llver test — A few cubic centimetres of 
silver nitiate solution are placed in a iest 
tube, and dilute ammonia added in drops 
until the precipitate which first forms just redissolves 
If acetylene be passed through this reagent, a white pre- 
cipitate of silver acetylide is at once obtained, which soon 
darkens in colour. This darkening is due to the fact that 
acetylene obtained by the action of water on calcium 
carbide generally contains traces of phosphoretted hy- 
drogen, which gives a black phosphide of silver with 
silver solutions Pure acetylene gives a white precipi- 
tate with" silver solutions, a dark precipitate indicates 
the presence of phosphoretted hydrogen, piovided care 
has been taken to remove all sulphuretted hydrogen 
from the gas in question. 




PART II 


Volumetric Gas Analysis 

Ex. 34 . — Analysis of ammonium salts in the 
Knop-Wagner azotometer. 

If excess of an alkaline solution of sodium hypobromite 
be allowed to act on an ammonium salt, the whole of the 
nitrogen contained in the latter is liberated as elementary 
nitrogen The reaction is represented by the equation. 

2 NH 4 CI + 2 NaOH + 3 NaOBi 

= 2 NaCl “1“ ^ NdBr *4" ^ “b ^2 

By measuring the volume of nitrogen liberated, the 
amount of ammonium salt originally present can be 
calculated. The reaction is leadily carried out m the 
Kncyp -Wagner azotometer This apparatus (fig 23) 
consists of a reaction or decomposition vessel A, a gas- 
measuring tube B, a levelling tube c, and a levelling 
bottle D The decomposition vessel consists of a wide- 
mouthed bottle a, to the bottom of which is fused a 
small beaker 6 . The bottle is closed by a rubber 
stopper, through which passes a short length of glass 
tube provided with an ordinary glass tap. The gas- 
measuring tube is calibrated to 50 cu cm., each cubic 
centimetre being further subdivided into -J- cu. cm., and 
the tube is closed by a rubber stopper, through which 
passes a bent glass tube This can be connected with 
the reaction vessel by the long rubber tube d The 
levelling tube is also closed with a rubber stopper, 
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carrying a short bent capillary tube e communicating 
with the outside air Attached to the bottom o£ the 
levelling tube is a bent glass tube g, which is connected 
with the levelling vessel D by the length of tubing I 
The construction of the levelling vessel is readily under- 
stood from the figure The measuiing tube, levelling 
tube, and tube g are fitted into three holes in a large 
cork which is inserted into a tall cylmclei E, filled with 

water provided with a 
thermometer Water 
tinted blue with indigo 
serves as confining liquid, 
and this must fill the 
tube g, rubber tubing I, 
and the length of tube 
below the glass tap ^ 
completely, so that no 
air is present. 

As the measuring tube 
only holds 50 cu cm., it 
is first necessary to cal- 
culate how much am- 
monium compound must 
be taken so as to obtain 
not more than about 
45 cu. cm. of gas. 

45 cu. cm of moist nitrogen weigh at ordinary tem- 
perature (15°) and ordinary pressure (760 mm ), *05271 g. 
If ammonium sulphate is the compound to be analysed, 
then according to the equation representing the reaction 
132 g. ammonium sulphate will give 28 g of nitrogen, 
so that the amount of ammonium sulphate which will 
give *05271 g will be 

^ = *2482 g. 

28 ^ 
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In leaking an analysis of ammonium sulphate with 
this appaiatus, therefore, not more than 2482 g sub- 
stance should be taken for each experiment. 

To cany out the analysis rather less than 1 g of 
ammonium sulphate is weighed out accurately into a 
100-cu -cm measuiing flask, dissolved in distilled water, 
and the solution made up to the mark 

25 cu. cm of this solution are then pipetted into the 
outer vessel of the reaction vessel, and about 25 cu cm 
of hypobromite solution poured into the beaker 

(In all similar decompositions it is important to 
remember that the substance to be analysed must 
always be placed in the outer vessel, and the reagent 
in the inner vessel.) The taj) c is then removed fiom 
its socket, and after leplacing the rubber stopper in 
the leaction vessel as tightly as possible, the vessel is 
immersed m a bath of water at lOom tempeiature for 
5 to 10 min In the meantime the liquid in the measur- 
ing tube must be adjusted to zero. To do this the tap i 
is opened, and the levelling bottle raised until the height 
of the liquid is just above the zero mark, when the tap 
^ is, closed and the levelling bottle placed on the table 
The tap is then very cautiously opened until the lower 
edge of the meniscus just touches the zero mark. After 
inserting the tap c in its socket, the reaction vessel is 
allowed to remain a further 5 min in the water at room 
temperature, and it is then noted whether the height of 
the liquid in the measuring tube lemains the same. If 
this is not the case, then the temperature equilibrium 
has not been reached, and the liquid must be again 
adjusted to zero and a fuithei 5 min waited The tap 
c is then turned so as to put the reaction vessel in com- 
munication with the measuring tube. In order that the 
pressure in the apparatus shall not rise unduly when 
the reaction starts, about 40 cu. cm. of liquid is run out 
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of the measuring tube by opening tap i. The reaction 
vessel is now held by the neck, and by inclining and 
shaking, a portion of the hypobromite is bi'ought into« 
the outer chamber. Nitrogen is at once evolved, and 
the addition of the hypobromite is slowly continued, so 
as to keep up a steady evolution until both liquids are 
mixed The vessel is then shaken violently for about a 
minute, c closed, and the vessel again well shaken If 
the column of liquid sinks when c is reopened the gas 
evolution is not quite ended, and the shaking must be 
continued until the level of the liquid remains constant 

The rubber stopper must be firmly inserted, so that no displace- 
ment during an analysis is possible If this should occur, the 
volume of the vessel is altered, and the result thereby affected 

The vessel should be held by the neck, so as to avoid waiming 
it with the hands. 

In all gas volumetric determinations it is necessary to shake the 
reacting liquids very vigorously, as otherwise supersaturation of 
the solution with gas readily takes place, and too low results are 
obtained. 

The reaction flask is now cooled to room temperature 
by immersing for 5 to 10 min. m water, and then by 
raising the levelling bottle, the level of the liquid columns 
in the measuring and levelling tubes brought to the 
same height, and the volume read oflF. After the re- 
action is completed the contents of the bottle should still 
be pale yellow, showing that excess of hypobromite is 
present. 

The whole of the analysis should be repeated twice 
more with the solution made up, and the mean of the 
three values taken. The temperature of the water jacket 
and the'barometric pressure must then be noted. 

The reaction between ammonium salts and alkaline 
hypobromite never proceeds entirely to the end there 
always remains about 2*6 per cent of the ammonium 
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salt uCQecomposed, and so a correction equal to 2 5 per 
icent must be added to the value found. 

Example — 9864 g, of ammonium sulphate was 
weighed out, dissolved in water, and the solution 
made up to 100 cu cm. 

25 cu cm of this solution, containing -2466 g 
ammonium sulphate, gave in three experiments 

41 2 cu cm 
414 „ 

Mean, 41 3 cu cm N at IC"^ C and 756 mm. 

In order to calculate out, this volume of moist nitrogen 
must be converted into dry nitrogen at 0'^ and 7G0 mm. 
This is readily done from the equation 

y ^ Y X 273(B ^f) 

” (273 + 0 X 760’ 

where Yn = volume at noimal tempeiature and pressure 
(NTP), 

Y = volume actually measured, 

B = height of baiometer, 
t = tempeiature, 

/ = tension of water vapour at the temperature t 


The tension of water vapour at 16° is 13 51 mm. 

Substituting, then, the known values in the above 
equation, we get 


_ 41 3 X 273(756 — 13 51) 
(273 + 16) X 760 


= 38 1 CU cm. 


41 3 cu cm. of moist nitrogen at 16° and 756 mm. are 
thus equal to 38 1 cu cm dry nitrogen at 0° and 760 mm 
If 1 I of nitrogen at N.T P weighs 1 25523 g, then 

381cu.cm. = I?55|i^= 04782 g 


2466 g ammonium sulphate thus yields 04782 g N. 

(G624) > 7 
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According to the equation representing the reaekon, 

28 OS g. N are yielded by 132 2 g. (NB[ 4 ) 2 S 04 

*04782 g N correspond, therefore, to 

132 2 X 04782 'OnKi /"XITT N QP» • 

2808 = 2-251 g (NHJ^SO,; 


or, calculated into percentages. 


‘2251 X 100 
2466 


= 91 3 pel cent. 


As, however, the decomposition of ammonium sulphate 
by alkaline hypobromite is not quantitative, but yields 
always 2 5 per cent too little nitrogen, a correction equal 
to 2 5 per cent on the result, in this case 2 28 per cent, 
must be added Allowing for this, the sample of am- 
monium sulphate under investigation contains 93 58 per 
cent (NH 4 ) 2 S 04 The result may be shortly summarized 
as follows* 


9864 g ammonium sulphate weighed out, dissolved in water, 
and made to 100 cu cm 
25 cu. cm of this solution gave 

1 41 2 cu cm N 

2 41 4 „ N 

3 41 2 „ N 

Mean, 41 3 „ moist N at 16° and 756 mm,, 

corresponding to 38 1 cu cm dry N at N.T P 
38 1 cu cm N weigh *04782 g , and correspond to *2251 g 
(RK,)SO, 

The ammonium sulphate tested contains, therefore, 93 58 per 
cent (NH 4 ) 2 S 04 , after applying a correction of 2 5 per cent 


Ex. 35. — Determination of the amount of nitrogen 
in hydrazine salts according to Ebler^s method. 

If a hydrazine salt he mixed with an alkaline sus- 
pension of mercuric oxide^ the whole of the nitrogen 
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confSned in it will be liberated as elementary nitrogen, 
according to the equation* 

NoHi + 2 HgO = N, + 2 Hg + 2 H.O 


This reaction maj’' veiy conveniently be carried out by 
means of a Hempel gas buiette, fitted with an ariange- 
meiit to allow of the temperature and pressure being 
accurately adj usted Such a bui ette 
may consist of a measuring tube a, 
holding 100 cu cm, attached fey 
pressuie tubing to the levelling 
vessel G,^an ordinary glass tap n 
being inserted in the connecting 
tube (fig 24) 

A G reinev-F nederich thiee-way 
tap is fused to the measuring tube, 
and this has two short capillary 
tubes, a and h capillilry 

tube a is attached by a short 
piec(l of rubber ’tubing to a mano- 
metei f, the tubes of which are 
widened out at K, and each pro- 
vided with a mark at exactly the 
same height. The manometer is completely filled up to 
these two marks with mercury 

A compensation tube B is attached to the manometer, 
but for the present purpose this may be neglected 
The measuring tube and compensation tube are kept 
immersed in a bath of water to prevent fluctuations in 
temperature The capillary tube is connected by a piece 
of thick- walled rubber tubing to a decomposition vessel. 

Before carrjnng out an analysis, it is necessary to cal- 
culate how much hydrazine salt (hydrazine sulphate, 
]Sr 2 H 4 , HgSO^) must be used so as to obtain not less than 
80 cu cm. nor more than 90 cu. cm of gas. 




100 


GAS ANALYSIS 


Four times this amount is then taken, dissoI\^ in 
water and made up to 100 cu. cm , 25 cu cm of this 
solution being taken for each anal^’sis The height of 
the mercury in the measuring tube is now adjusted to 
any arbitrarily chosen mark, say 5, by raising the level- 
ling vessel 25 cu cm. of the hydiazme sulphate solution 
are then placed in the outer compartment of the reaction 
bottle and made alkaline with 10 cu cm of concentrated 
potash solution, and 20 cu cm. of a solution of common 
salt satmated with mercuric chloride placed in the inner 
compartment The rubber stopper is replaced, the three- 
way tap loosened in its socket, and the vessel immersed 
in a bath of water at room temperature for 5 mm. The 
three-way tap is now securely replaced, and turned so as 
to put the reaction vessel in communication with the 
measuring tube. The tap n is next opened, so that the 
pressure in the apparatus is considerably reduced, and 
by inclining the reaction vessel, the mercuric chloride 
solution gradually mixed with the alkaline solution of 
hydrazine sulphate Yellow mercuric oxide is first pie- 
cipitated, but this is then immediately reduced to black 
metallic mercury by the hydrazine, which is simultane- 
ously oxidized to nitrogen and water 

During the reaction, the reaction vessel must be kept 
vigorously shaken When no more gas is evolved, the 
reaction bottle is again immersed for 5 mm. in water at 
room temperature The levelling vessel is now raised, 
n being open, until the height of the mercury in it is 
a few millimetres above the height of the mercury in 
the measuring tube, and n is then closed There thus 
exists an excess piessure in the measuring tube. The 
three-way tap is then turned so as to put the measuring 
tube in communication with the manometer F. This 
causes the mercury in the outer limb to smk, and in the 
inner limb to rise By cautiously opening the tap 
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mei^Eury is run out of the measuring tube until the 
columns of mercury of the manometer are exactly the 
same height The gas in the reaction vessel is, however, 
also under excess pressure, so this is now put in com- 
munication with the measuiing tube, and the latter again 
connected with the manometer and the excess pressure 
adjusted This opeiation of connecting the reaction vessel 
with the measuimg tube and the latter vith the mano- 
meter must be continued until no displacement of the 
mercury columns in the manometer takes place, when 
the volume of gas is read otf The expeiirnent is re- 
peated twice more, each time with 25 cu cm. of the 
hydrazine sulphate solution, and the mean of the thiee 
results taken 

The temperature and barometiic pressuie must now 
be noted 

The results are calculated out exactly in the way 
described in the previous exeicise 

The reaction may be used not only to analyse hydra- 
zine salts, but inversely to analyse mercury compounds 
by acting on them with excess of a hydiazine solution 

In this case the mercury solution must be placed in 
the outer, and the excess of hydrazine solution in the 
inner compartment of the reaction vessel 

Ex. 36. — Determination of the amount of nitric 
acid in nitrose by means of the Lunge nitrometer. 

Nitric acid in presence of excess of sulphuric acid 
reacts with metallic meicury in such a way that the 
whole of the nitiogen contained in the nitric acid is 
liberated as nitric oxide The reaction proceeds accord- 
ing to the equation. 

2 HNO 3 4 * 3 H 2 SO 4 + 6 Hg = 2 NO + 3 EggSO^ + 4 H^O. 

By measuiing the volume of nitric oxide evolved, the 
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amount of nitric acid present in a substance like niirose 
can be estimated. The reaction is usually cairied out in 
the form of nitrometer designed by Lunge (fig 25) The 
instrument consists of a gas-measuring tube and a level- 
ling tube connected by thick -walled rubber pressure 
tubing The measuring tube is graduated to 50 cu cm., 
each cubic centimetre being further subdivided into jV 
cu. cm, and ends in a Greinei-Fiiederich three-way tap, 
attached to which is a small beaker- 
shaped vessel The zero point of the 
calibration is immediately below the 
tap. To use the apparatus a suffi- 
cient quantity of mercuiy is put in, 
the levelling tube is raised (after turn- 
ing the tap so that the measuring tube 
communicates with the glass cup) until 
a drop of mercury appears m the little 
vessel, when the tap is closed The 
drop of mercury is then poured out, 
and the levelling tube loweied until 
there is a considerable diminution of 
Fig 25 pressure in the measuring tube. If ihe 
tap is perfectly air-tight the mercury 
will not sink, should it, however, do so, the tap must 
be well greased, and the operation repeated. 2 cu. cm 
of nitrose are now measured with a pipette, and run 
into the glass vessel, taking care that the liquid does 
not run down the sides, and drawn into the apparatus 
by very cautiously opening the tap The whole of the 
liquid must not be drawn in, but a drop left to pre- 
vent any air getting into the bore of the stopper, 
or even into the tube. The small glass vessel is 
rinsed with 1 cu. cm. concentrated sulphuric acid, this 
drawn into the tube, and the vessel similarly rinsed a 
second time with fresh acid The measuring tube is 
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tlien^cen oufc of the stand, giasped firmly so that the 
’stopper may not fall out, and brought slowly into an 
•^almost honzontal position, then suddenly returned to 
the vertical, taking care that the highly corrosive liquid 
does not come into contact with the rubber tubing. By 
this means the nitrose is brought into intimate contact 
with the mercury, and evolution of gas commences im- 
mediately This shaking is continued for about 2 min , 
until no moie gas appeals to be evolved, and the measur- 
ing tube returned to the stand. After waiting about 
5 min to allow the temperatuie to fall to that of the 
room, the ed(/es of the mercury columns in the two tubes 
aie adjusted to tlie same level (the top of the meniscus 
being difficult to read), and the volume of gas lead off* 
The liquid is then shaken with the mercury for about 
another minute, and it is observed whether the heights 
of the meicury columns remain the same If not, the 
operation must be repeated, until the reaction is com- 
pletely finished 

In taking readings in this way, i e adjusting the mer- 
cury columns to the same level, the gas in the measuring 
tub^ will not be under atmospheric pressure, but undei 
a pressure smaller by the height of the acid layer 
Before comparable results can be obtained, this must be 
compensated for by raising the level of the mercury in 
the levelling tube just so much as coriesponds with the 
pressure of the column of acid Mercury has a specific 
gravity of about 13, whilst that of the acid is about 2, 
mercury is therefore about times as heavy as the 
acid. To find the height by which the mercury in the 
levelling tube must be raised, the height of the acid 
column in scale divisions must be divided by 6J 

The mercury in the levelling tube is then raised this 
amount, when the gas will be under atmospheric pres- 
sure. To make sure that this is really the case, a little 
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sulphuric acid should be placed in the glass ves5wi*"and 
the tap very cautiously opened 

If the piessure in the tube is gi eater than atmospheric 
pressuie the acid will begin to rise, when the tap must 
be immediately closed and the levelling tube lowered 
a little Should, however, the pressure in the tube be 
less than atmospheric pressure, acid will run in until 
the difference in pressure is equalized When the acid 
which has run in has had time to collect, the volume 
of gas must be read off, and the temperatuie and baro- 
metric pressure noted Theie is thus obtained the num- 
ber of cubic centimetres of dry nitiic oxide at known 
temperature and pressure which are liberated from a 
measured volume of nitrose, and from this data the 
amount by weight of nitric acid contained in 100 
volumes of nitrose is readily calculated. 

Example — 2 cu cm nitrose gave 31 8 cu cm, NO at 16° and 
762 mm. This volume must be reduced to N T P , using the 
equation 

Y V X 273 X B 

^ (273 + t)X 760’ 

where Yn = volume at N T P , 

V = volume measuied, 

B = barometiic pressure, 
t = temperature 


Substituting the above values, we get 


31 8 X 273 X 752 
(273 + 16) X 760 


29 7 cu. cm. NO. 


As parts by weight of nitric acid are required, this 
volume of gas must be converted into its coi responding 
weight. 

1 1 of NO weighs 13419 g at 0° and 760 mm, so that 29 7 
cu. cm weigh 

^ =s: *03985 ^. 
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AdCLrding to the equation 

30 04 g NO are equivalent to 63 05 g. HNO3, so that 03985 g. 
NO are equal to 

= 0S365 g HNOs. 

30 04 

2 cu cm of mtrose contain, therefore, 08365 g HNO3, so that 
1 00 cu cm contain 


100 X 08365 


= 4 18 HNO, 


The above figures may be summarized shortly as 
follows — 

2 cu cm mtrose gave 31 8 cu cm NO (16^ 752 mm ), 
corresponding to 29*7 „ „ (0°, 760 „ ) 

29 7 cu cm NO (NTP) weigh *04078 g, and coi respond to 
083G5 g HNO3, so that 

100 cu. cm mtrose contain 4 18 g HNO3. 


Ex. 37. — Analysis of nitrates by means of Lunge's 


bulb nitrometer. 

With the nitrometer used in the 
pieceding exercise it is only possible 
to ipeasure about 40 cu cm. of gas. 

It is, however, often necessary to 
generate and measure much larger 
volumes of gas, particularly in the 
analysis of nitrates, and for this pur- 
pose Lunge has devised wdiat is usually 
called a bulb nitrometer (fig. 26) 
This is essentially the same as the 
ordinary type of nitrometei, differing 
only in having two bulbs of capacity 
rather less than 100 cu cm, one on 
the upper part of the measuring tube, 
and the second on the lower part of 



Fig 26 —Lunge’s Bulb 
Nitrometei 


the levelling tube. . The calibration of the measuiing 
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tube commences at 100 cu cm just below the bulb^and 
is continued to 130 cu cm 

Before commencing the analysis it is necessary to 
calculate, from the equation 

2 KNOs + 4 H.SO4 + 6 Hg 

= 2 NO + K2SO4 + 3 Hg2S04 + 4 H2O, 

how much nitrate must be weighed out to give not less 
than 100 cu cm , and not more than 120 cu cm. of gas 
This quantity of nitiate is then weighed out into the 
small glass cup, taking care that as little substance as 
possible adheres to the sides of the vessel. About 5 
cu cm of water is then added, and when the substance 
has dissolved as completely as possible, the levelling tube 
is lowered, and the solution, together with any undis- 
solved particles, diawn into the tube by cautiously 
opening the tap The solution is rinsed into the measur- 
ing tube with two fuither quantities of about 5 cu cm 
^t is not advisable to use more than 1 5 cu. cm 
as otherwise the sulphuric acid is diluted too 
much, with the lesult that troublesome frothing is liable 
to occur About 14 to 16 cu cm. of concentrated sul- 
phuric acid, in two lots of 7 to 8 cu. cm , are now run in, 
and the analysis and calculation carried out from this 
point exactly as described in the preceding exercise. 

The Lunge nitrometer is very often used, not only 
for the analysis of nitric acid and its salts, but in the 
analysis of organic nitrates like nitroglycerine, dynamite, 
and gun-cotton. These are first dissolved in concen- 
trated sulphuric acid, and the solution analysed in the 
nitrometer exactly as described. 

Ex. 38. — ^Analysis of nitrates by the method of 
Schlbsingj GrandeaUj and Wagner. 

This method takes advantage of the fact that if a 
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nitra^ be added to a boiling solution of fenous cliloride, 
afcidified with hydrochloiic acid, the whole of the nitro- 
'^en in the nitrate is liberated as nitiic oxide, according 
to the equation* 

KNO 3 + 3 FeCb + 4 HOi = NO + KCi + 3 FeCb + 2 

By measuring, therefoie, the volume of nitiic oxide 
obtained from a weighed amount of nitrate, the amount 



of puie substance in the latter may be calculated exactly 
as in Lunge’s method 

The apparatus used is shown in fig 27, and consists of 
a decomposition flask A and a pneumatic trough B The 
decomposition flask has a capacity of about 250 to 300 
cu cm , and is fitted with a two-hole stopper through 
one hole of which passes a funnel with stopcock a, the 
end of which is drawn out into a fine point, and through 
the other a bent glass tube b ending directly below the 
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stopper. The pneumatic trough B has three tubtJiures, 
one / near the top, and the other two e and d lower dowj? 
and on opposite sides 

The bent tube h passes through the tubulure d, whilst 
through the other tubulures pass tubes which enable 
a slow stiearn of water to be passed thiough the bath. 
To perform an analysis with this apparatus, 40 cu. cm 
of a solution of ferious chloride containing 400 g Fed, 
per litre are placed in the flask, and 40 cu cm of 20-per- 
cent hydrochloiic acid added. A few cubic centimetres 
of the same acid are placed in the funnel, and the bore 
of the tap and glass tube filled with this by cautiously 
opening the tap The point of the funnel stem should 
not touch the surface of the liquid, but should be about 
the centre of the flask. A slow stream of water is run 
through the trough, and the contents of the flask boiled 
until all air is displaced by steam. To make sure that 
this is really the case, a test tube filled with water 
should be inverted over the end of the delivery tube, 
when no air bubbles must collect When all air has 
been displaced, a measuring tube filled with water is 
inverted over the end of the delivery tube h, and 10 
cu. cm of a solution containing a weighed amount of 
the nitrate to be analysed is placed in the funnel, and 
lun drop by drop into the boiling ferrous chloride solu- 
tion. The nitric oxide liberated is then carried over by 
the steam into the giaduated tube When almost all 
of the nitrate solution has been run in, 10 cu. cm of 
20-per-cent hydrochloric acid aie added to rinse in the 
remainder, and when this has run in, the rinsing process 
is repeated a second time. (Care must be token in 
running in the solutions so that no air bubbles are 
entangled and carried into the flask with the liquid.) 

When the whole of the nitric oxide has come over, 
which is shown by the fact that the bubbles of steam 
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cond5!nse completely, the measuring tube is x'emoved 
^om over the delivery tube, and hung from a stand in 
the pneumatic trough After placing a second measur- 
ing tube filled with water over the end of the delivery 
tube, the apparatus is ready for a further experiment 
The experiment is then repeated twice more with the 
same nitiate solution The three measuring tubes are 
then brought into a tall vessel filled with v ater at room 
temperature, by means of a porcelain dish filled with 
water, which is slipped under the open end of the tubes 
whilst they are being transferred After the tubes have 
remained in the tall cylinder at least 5 mm , they are 
held by the clamps with which they were supported 
in the cylinder, in such a way that the water stands 
at the same level inside the tubes as outside The 
volumes of gas in the three tubes are then lead otf and 
the mean taken The result is calculated out exactly as 
m Ex. 37, only in this case the tension of aqueous vapour 
at the temperature at which the gas is measured must 
be taken into account. 

As the measuring tube holds only 100 cu cm of gas, 
the iimount of nitrate to be used must be first roughly 
calculated so as not to exceed this volume 

If many analyses — eg of Chili saltpetre — have to be 
undertaken, the calculation of the lesults can be greatly 
simplified by the following procedure — 

33 g of pure sodium nitrate are weighed out accu- 
rately, dissolved in watei, and made to 1 1 10 cu cm 

of this standard solution are taken, and the volume of 
gas obtained measured at the tempeiature and pressure 
prevailing. 33 g of the sample to be tested are then 
weighed out, dissolved in water, and made to 1 1 , and 
the amount of gas liberated from 10 cu cm of this 
solution also determined If v cu cm NO are obtained 
from the standard nitrate solution, and cu. cm. from 
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the sample of nitre tested, the peicentage of pure sodium 
nitrate in the latter will be given by 

^ X 100 per cent 

V 

Ex. 39. — The use of the Lunge gasvolumeter in 
measuring moist gases. 

In order to avoid the tedious necessity of reducing all 




volumes of gases in gasvolumetric analysis to normal 
temperature and pressure, L'vunge has devised an instru- 
ment which allows of the volume of the gas, I'educed to 
N T P , to be read off directly. 

The gasvolumeter (fig. 28), as this instrument is called 
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conijists of a measuring tube A, a z'eduetion tube B, and a 
levelling tube c. The measuring tube is calibrated in 
^ cm cm to 50 cu. cm, and is closed by a Greiner- 
Friederich stopcock, to which is sometimes attached a 
small glass cup The reduction tube is widened out at 
the top into a bulb or cylinder, holding lather less than 
100 cu. cm , and is calibrated from 100 cu cm to 130 
cu cm , the 100 mark being just below the widened part 
The tube is usually closed by an ordinal y glass tap. 

The three tubes are connected by thick-walled pressure 
tubing connected by a T piece. 

The w^hole apparatus is mounted on an iron retoit 
stand, m such a way that the measuiing tube is held by 
one clamp, whilst the reduction tube and levelling tube are 
held by a double clamp, which allows of the tubes being 
laised or lowered either independently or simultaneously 

The principle upon which the apparatus depends will 
be clear from the following considerations II a known 
volume of air be enclosed in the reduction tube, it is 
possible, by raising the levelling tube, to compress it so 
that the volume is equal to the volume it would occupy 
at 0^ and 760 mm. This pressure will be tiansmitted to 
any gas which may be enclosed in the measuring tube, 
and piovided that the meniscus of the mercury in the 
measuring tube and reduction tube is at the same height, 
this gas also will occupy the same volume it would 
occupy at 0° and 760 mm 

To adjust the apparatus for moist gases the prevailing 
temperature and barometric pressure are noted, and it is 
then calculated, from the equation 


YiB/ = 


100 X (273 + t)X 760 
273(B-/) 


where B = barometric piessure, 
t = tempeiature, 
f = tension of aqueous vapour at 
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what volume 100 cu cm. of moist air at 0° and 760f«nm. 
would occupy at the temperature t and pressure B. 

This volume of air is then enclosed in the reduction 
tube, after placing in it a drop of water to ensure that 
the air is saturated with aqueous vapour. 

If, foi example, the temperature is 18®, barometer 746 
mm, and tension of aqueous vapour at 18® is 15 3 mm. 
mercury, these values inserted in the above equation 


will give 


V: 


18, 746, 15 3 


_ 100(273 + 18)760 _ , . 
273(746 - 15 3) " 


i e 100 cu cm of moist air at 0° and 760 mm will occupy 
110 9 cu cm at 18® and 746 mm 
This volume is drawn into the reduction tube by 
opening the tap and loweiing the levelling tube, making 
the final adjustment with the heights of the mercury in 
levelling tube and reduction tube the same 

If dry gases are to be measured the method of pro- 
cedure is the same, only that a drop of concentrated 
sulphuric acid instead of water must be placed in the 
reduction tube, and the volume must be calculated from 
the equation- 

^7 _ 100(273 4 - tyim 

273 X B * 


An example of the use of the gasvolumeter is given in 
the following exercise. 

Ex. 40.— Determination of the amount of man- 
ganese dioxide in pyrolusite, using the Lunge 
gasvolumeter. 

If hydrogen peroxide in excess be added to manganese 
dioxide in presence of sulphuric acid, oxygen is evolved 
equivalent to the amount of manganese dioxide present, 
according to the equation: 

MnOg + ha + H2SO4 ==; MnS04 + 2 HP + O2* 
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The^amount of manganese dioxide present in pjToiusite 
«Qay be obtained by measnnng the volume of osj’^gen 
obtained from a known weight of substance. To cairy 
out the analysis, a hanging leaction bottle similar to that 
described in Ex 34 is attached to the side tube of the 
thi^ee-way tap The sample of pju'olusite to be tested is 
exceedingly finely powdered, and about 17 to 19 g 
weighed into the outer vessel, care being taken that 
none of the substance falls into the inner \ essel About 
5 cu cm, of dilute sulphuric acid are next added, so that 
any carbonate present may be decomposed. After wait- 
ing about 5 min to allow any liberated carbon dioxide 
to escape, about 20 cu. cm of a 3-per-cent aqueous solu- 
tion of hydrogen peroxide ax*e run into the inner vessel, 
the stopper replaced, and the bottle immersed in a bath 
of water at room temperature for about 5 min , the gla^^s 
tap being meantime loosened m its socket When tem- 
perature equilibrium has been reached, the tap is firmly 
replaced in its socket, turned so as to put the measur- 
ing tube in communication with the outside air, and this 
then filled with mercury by raising the levelling tube. 
When this has been done, the tap is turned so as to con- 
nect the reaction vessel with the measuring tube. After 
lowering the levelling tube so as to reduce the pressure 
in the apparatus, the reaction vessel is gradually tilted, 
so that the hydrogen peroxide mixes with the pyrolusite 
Oxygen is immediately evolved, the evolution being ac- 
celerated by vigorously shaking the vessel, holding it by 
the upper part of the neck, in order not to warm it by 
the hand. As the gas is liberated the levelling tube 
must be lowered, so that the pressure in the apparatus 
may not rise unduly. "When the reaction is finished, the 
vessel must be again immersed in a bath of water at 
room temperature for at least 5 min The mercury 
columns in the measuring tube and levelling tube are 

(0 524 ) 8 
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what volume 100 cu cm of moist air at O'* and 760 ^mm. 
would occupy at the temperature t and pressure B. 

This volume of air is then enclosed in the reduction 
tube, after placing in it a drop of water to ensure that 
the ail is saturated with aqueous vapour. 

If, foi example, the temperature is 18°, barometer 746 
mm, and tension of aqueous vapour at 18° is 15 3 mm 
mercury, these values inserted in the above equation 
will give 

V _ 100(273 + 18)760 _ 

~ 273(746- 15 3) “ 


i e 100 cu cm. of moist air at 0° and 760 mm will occupy 
110 9 cu. cm at 18° and 746 mm 
This volume is drawn into the reduction tube by 
opening the tap and loweimg the levelling tube, making 
the final adjustment with the heights of the mercury in 
levelling tube and reduction tube the same. 

If dry gases are to be measured the method of pro- 
cedure is the same, only that a drop of concentrated 
sulphuric acid instead of water must be placed m the 
reduction tube, and the volume must be calculated from 
the equation 

V _ 100(273 + 0760 
273 XB 


An example of the use of the gasvolumeter is given in 
the following exercise. 


Ex. 40. — Determination of the amount of man- 
ganese dioxide in pyrolusite, using the Lunge 
gasvolumeter. 

If hydrogen peroxide in excess be added to manganese 
dioxide in presence of sulphuric acid, oxygen is evolved 
equivalent to the amount of manganese dioxide present, 
according to the equation* 

MnOg + H^Oa + H2SO4 = MnSO^ + 2 HgO + Oj. 
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The’*amount of manganese dioxide present m pyrolusite 
may be obtained by measuring the volume of oxj^gen 
obtained from a known weight of substance To carry 
out the analysis, a hanging reaction bottle similar to that 
described in Ex 34 is attached to the side tube of the 
three-way tap The sample of pyrolusite to be tested is 
exceedingly finely powdered, and about 17 to 19 g 
weighed into the outer vessel, care being taken that 
none of the substance falls into the inner vessel About 
5 cu cm. of dilute sulphuric acid are next added, so that 
any carbonate present may be decomposed. After wait- 
ing about 5 min to allow any liberated carbon dioxide 
to escape, about 20 cu. cm of a 3-per-cent aqueous solu- 
tion of hydrogen peroxide are run into the inner vessel, 
the stopper replaced, and the bottle immersed in a bath 
of water at room temperature for about 5 min , the glass 
tap being meantime loosened in its socket When tem- 
perature equilibrium has been reached, the tap is firmly 
replaced in its socket, turned so as to put the measur- 
ing tube in communication with the outside air, and this 
then filled with mercury by raising the levelling tube. 
When this has been done, the tap is turned so as to con- 
nect the reaction vessel with the measuring tube After 
lowering the levelling tube so as to reduce the pressure 
in the apparatus, the reaction vessel is giadually tilted, 
so that the hydrogen peroxide mixes with the pyrolusite 
Oxygen is immediately evolved, the evolution being ac- 
celerated by vigorously shaking the vessel, holding it by 
the upper part of the neck, in order not to warm it by 
the hand. As the gas is liberated the levelling tube 
must be lowered, so that the pressure in the apparatus 
may not rise unduly When the reaction is finished, the 
vessel must be again immersed in a bath of water at 
room temperatuie for at least 5 min The mercury 
columns in the measuring tube and levelling tube are 

( 0 524 ) 8 
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what volume 100 cu cm. of moist air at 0° and 760 ^mm. 
would occupy at tlie temperatuie t and pressure B. 

This volume of air is then enclosed in the reduction 
tube, after placing in it a drop of water to ensure that 
the air is saturated with aqueous vapour. 

If, for example, the temperature is 18°, barometer 746 
mm, and tension of aqueous vapour at 18° is 15 3 mm. 
mercury, these values inserted m the above equation 


will give 


» 18, 746, 15 3 


_ 100(273 + 18)760 
273(746 - 15 3) 


1109; 


i e 100 cu cm of moist air at 0° and 760 mm will occupy 
110 9 cu cm at 18° and 746 mm 
This volume is drawn into the reduction tube by 
opening the tap and lowering the levelling tube, making 
the final adjustment with the heights of the mercury in 
levelling tube and reduction tube the same. 

If dry gases are to be measured the method of pro- 
cedure is the same, only that a drop of concentrated 
sulphuric acid instead of water must be placed in the 
reduction tube, and the volume must be calculated from 
the equation* 

V 100(273 + 0760 

273 X B 


An example of the use of the gasvolumeter is given in 
the following exercise 


Ex. 40. — Determination of the amount of man- 
ganese dioxide in pyrolusite, using the Lunge 
gasvolumeter. 

If hydrogen peroxide in excess be added to manganese 
dioxide in presence of sulphuric acid, oxygen is evolved 
equivalent to the amount of manganese dioxide present, 
according to the equation: 

MaOg + H2O2 + H2SO4 = MnSO^ + 2 HgO + O2. 
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The'^amount of manganese dioxide present in pyrolusiti^ 
miay be obtained by measuiing the volume of oxygen' 
obtained from a known weight of substance To caKTiy- 
out the analysis, a hanging reaction bottle similar to thsi 
described in Ex 34 is attached to the side tube of the 
three-way tap. The sample of pj^rolusite to be tested is 
exceedingly finely powdered, and about 17 to 19 g 
weighed into the outer vessel, care being taken that 
none of the substance falls into the inner vessel About 
5 cu cm. of dilute sulphuric acid are next added, so that 
any carbonate present may be decomposed After wait- 
ing about 5 min. to allow any liberated carbon dioxide 
to escape, about 20 cu. cm of a 3-per-cent aqueous solu- 
tion of hydrogen peroxide are run into the inner vessel, 
the stopper replaced, and the bottle immersed in a bath 
of water at room temperature for about 5 min , the glass 
tap being meantime loosened in its socket When tem- 
perature equilibrium has been i cached, the tap is firmly 
replaced in its socket, turned so as to put the measur- 
ing tube in communication with the outside air, and this 
then filled with mercury by raising the levelling tube 
When this has been done, the tap is turned so as to con- 
nect the reaction vessel with the measuring tube. After 
lowering the levelling tube so as to reduce the pressure 
in the apparatus, the reaction vessel is gradually tilted, 
so that the hydrogen peroxide mixes with the pyrolusite 
Oxygen is immediately evolved, the evolution being ac- 
celerated by vigorously shaking the vessel, holding it by 
the upper part of the neck, in order not to warm it by 
the hand. As the gas is liberated the levelling tube 
must be lowered, so that the pressure in the apparatus 
may not rise unduly. When the reaction is finished, the 
vessel must be again immersed in a bath of water at 
room temperature for at least 5 min. The mercury 
columns in the measuring tube and levelling tube are 

(0 524) 8 
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now adjusted to the same height, and the tap of ^the 
former closed. The heights of the mercury columns in 
the measuring and reduction tubes must now be adjusted 
to the same level, and at the same time the meicury in 
the reduction tube must stand exactly at the mark 100 
To do this, the levelling tube is raised until the mercury 
in the reduction tube stands exactly at the 100 mark, 
and then, by means of the double clamp, the reduction 
tube and levelling tube are simultaneously lowered until 
the mercury surfaces in the measuring tube and reduc- 
tion tube are level The volume of the gas in the 
measuring tube, now reduced to 0° and 760° mm, is 
then read off The result is calculated out similarly to 
the analysis of ammonium salts in the Knop azotometei 
(Ex 84), only there is now no necessity to reduce the 
volume of the gas to NT.P 

In order to obtain a satisfactory result the sample of 
pyrolusite must be exceedingly finely divided, otherwise 
a portion remains unacted upon If, after shaking the 
reaction vessel for 2 min., black particles are noticeable, 
the experiment must be rejected. It is not permissible 
to shake the vessel longer than 2 mm , as the insoluble 
portion of the pyrolusite is liable to bring about a cata- 
lytic decomposition of hydrogen peroxide into oxygen 
and water, in which case the result will be too high 
Very hard samples of pyrolusite cannot be analysed by 
this method, as the decomposition is never complete In 
many cases, however, it is possible to assist the reaction 
by warming the vessel to 70° m a bath of water, cooling 
finally to room temperature in a second bath. 

Ex. 41. — Estimation of hydrogen peroxide, using 
a nitrometer with attached reaction vessel. 

Hydrogen peroxide may be very conveniently esti- 
mated by taking advantage of the fact that this sub- 
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stance in piesence of sulphuric acid reacts with a 
'^solution of potassium permanganate, liberating the 
whole of its active oxygen, together with an equal 
volume of oxygen derived from the permanganate 
The reaction proceeds according to the equation; 

2 KMn04 “f* 5 02^2 Hh ^ H 9 SO 4 

= K 2 S 64 + 2 MnS04 + 8 H 2 O + 5 O 2 . 

By measuring, therefore, the volume of oxygen liber- 
ated from a known amount of a hydrogen peroxide 
solution when treated with excess of permanganate, the 
amount of pure hydrogen per- 
oxide present may be calculated 
The experiment may be con- 
veniently carried out in a nitio- 
meter provided with a reaction 
vessel (fig 29). The nitrometer 
differs from the ordinary pattern 
in having no glass cup attached, 
and also by having the zero mark 
not directly below the glass tap, 
but about 1 cm lower The re- 
action vessel IS attached by a piece 
of pressure tubing to the side tube 
of the Greiner -Fiiederich three- 
way tap, and the confining liquid 
used is mercury. 

The hydrogen peroxide solu- 
tion will require to be diluted 
before use. 10 cu. cm of the com- 
mercial solution containing about 
3 per cent HgOg is placed in a 
100-cu-cin flask, and diluted to 100 cu cm. with dis- 
tilled water 10 cu cm of this dilute solution are 
placed in the outer compaitment of the reaction bottle, 
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20 cu. cm. dilute sulphuric acid added, and 20 cu ciii of 
a saturated solution of potassium permanganate placed" 
in the innei small beaker The vessel is now attached 
to the nitrometer, and immersed in a bath of water at 
room temperature for at least 5 mm with the stopper 
loose in its socket The mercury in the levelling tube 
is then adjusted to the zero maik by raising the level- 
ling tube, the stopper fiimly leplaced, and turned so as 
to put the reaction vessel m communication with the 
measuring tube It is again necessary to ivait a further 
5 mm to see if the mercury remains at the zeio mark 
If it does, it shows that the tempeiatuie is constant, if 
not, the mercury must be again adjusted to zero, and a 
further period waited. Then the levelling tube is low- 
ered to reduce the pressure in the apparatus, and the 
permanganate slowly mixed with the hydrogen peroxide, 
the reaction vessel being then thoroughly shaken until 
no more gas is evolved. 

As the gas comes ovei, the levelling tube should be 
correspondingly lowered, so that the pressure m the 
apparatus does not rise to any extent 

When the reaction is complete the solution should ptill 
be coloured by the permanganate, showing that excess is 
present. If the solution be colourless, too little per- 
manganate has been taken, and the experiment must be 
rejected. Before reading off the volume of gas liberated, 
the reaction vessel must be cooled for at least 5 min in 
water to room temperature The temperature and baro- 
metric pressure must then be lead, and the results ob- 
tained calculated, as m Ex 34. 

Just as a solution of hydrogen peroxide may be esti- 
mated by using excess of potassium permanganate, so it 
is possible, on the other hand, to analyse a solution of a 
permanganate, using excess of hydrogen peroxide. This 
method may very conveniently be used to standardize 
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th^solutioiis of potassium permanganate used m volu- 
^metric analysis, the results obtained being at least as 
accurate as when iron or oxalic acid is used for the 
purpose 

Ex. 42. — Valuation of zinc dust according to the 
method of Franz Meyer. 

Zinc dust, which is obtained as a by-product in the 
manufacture of zinc, consists principally of metallic zinc, 
with varying amounts of zinc oxide. It also usually 
contains small amounts of iron, lead, cadmium, &c. Zinc 
dust IS a very energetic reducing agent, and as such finds 
extensive application in the chemical industry, its value 
for this purpose entirely depending on the amount of 
hydiogen which it is able to evolve The method of 
Franz Meyer for the valuation of zinc dust consists of 
measuring the volume of hydrogen obtained by dissol- 
ving a known weight of the substance in dilute sulphuric 
acid, the equation repiesenting the reaction being 

Zn + HgSO^ = ZnS 04 + H2 

The analysis is carried out in the apparatus shown m 
the diagram (fig 30). It consists of the reaction flask A, 
the tap-piece b, and the measuring tube D The measur- 
ing tube and reaction flask are connected to the tap-piece 
by ground-in joints. The measuring tube is widened out 
at the top into a bulb of 260 cu cm. capacity, and the 
graduation is continued down the narrow tube to 460 
cu cm, each cubic centimetie being further subdivided 
into J cu. cm. The bulb of the measuring tube ends in 
a capillary closed by the simple glass tap E. The tap- 
piece B has a three-way tap c, the construction of which 
is best understood from the figure. The tube of the 
tap is connected by a long piece of pressure tubing, 
preferably provided with a pinchcock, to the levelling 
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bottle F, which has a capacity of about 500 cu cm 
capacity of the measuring tube is so chosen that, working 
at ordinary temperatures (10-26°) and.oidmary pressures 
(740-770 mm), 1 g of zinc dust containing 75-100 per 

cent of metal may be 
taken for an analysis. 

The joints and taps 
are first well greased, 
and then about 1 g. 
zinc dust weighed into 
the reaction flask The 
levelling bottle is then 
filled with distilled 
water, the tap c turned 
into position i, and the 
reaction flask completely 
filled with water by 
raising the levelling 
bottle and opening the 
pinchcock. When all 
air has been displaced 
c is turned into posi- 
tion II, the water emptied 
out of the levelling 
bottle and replaced by 
dilute sulphuric acid 
(IH^SO^rSHgO) The 
air m the measuring tube is then displaced by dilute acid 
by raising f, and then tap E closed The pinchcock is 
now removed, and the tap c turned into position iii 
The denser acid sinks down, mixes with the water in 
the reaction flask, and the evolution of hydrogen begins 
When the whole of the zinc has dissolved, the surface 
of the liquid in the levelling flask is brought to the 
same level as the liquid in the measuring tube, and the 
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volChie of hydrogen read oflf The temperature and 
barometric pressure is then noted, and the volume re- 
duced to dry gas at 0° and 760 mm 

From the equation the amount of metallic zinc present 
m the zinc dust is then readily calculated 
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bottle F, which has a capacity of about 500 cu cm ^he 
capacity of the measuring tube is so chosen that, working 
at ordinary temperatures ( 10 - 25 °) and.oidinary pressures 
( 740-770 mm.), 1 g of zinc dust containing 75-100 per 

cent of metal may be 
taken for an analysis. 

The joints and taps 
are first well greased, 
and then about 1 g. 
zinc dust weighed into 
the reaction flask The 
levelling bottle is then 
filled with distilled 
water, the tap c turned 
into position i, and the 
reaction flask completely 
filled with water by 
raising the levelling 
bottle and opening the 
pmchcock. When all 
air has been displaced 
G IS turned into posi- 
tion II, the watex emptied 
out of the levelling 
bottle and replaced by 
dilute sulphuric acid 
The 

an in the measuiing tube is then displaced by dilute acid 
by raising F, and then tap E closed The pinchcock is 
now lemoved, and the tap c turned into position in 
The denser acid sinks down, mixes with the water in 
the reaction flask, and the evolution of hydrogen begins 
When the whole of the zinc has dissolved, the surface 
of the liquid in the levelling flask is brought to the 
same level as the liquid in the measuring tube, and the 
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volfhne of hydrogen read off. The temperature and 
l 5 )arometric pressure is then noted, and the volume re- 
duced to dry gas at 0° and 760 mm 

From the equation the amount of metallic zinc present 
in the zinc dust is then readily calculated. 
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TENSION OP AQUEOUS VAPOUR ACCORDING TO 
REGNAULT 


In Millimetres Mercury 


nperatuie 

Tension 

1 Temperature Tension 

5 0° 

6 534 

15 5° 

13 112 

5 5° 

6 736 

16 0° 

13 536 

6 0° 

6 998 

16 5° 

13 972 

6 5° 

7 242 

17 0° 

14 421 

7 0° 

7 492 

17 5° 

14 882 

7 5° 

7 751 

18 0° 

15 357 

8 0° 

8 017 

18 5° 

15 845 

8 5° 

8 291 

19 0° 

16 346 

9 0° 

8 574 

19 5° 

16 861 

9 5° 

8 865 

20 0° 

17 391 

10 0° 

9 165 

20 5° 

17 935 

10 5° 

9 474 

210° 

18 495 

110° 

9 792 

21 5° 

19 069 

115° 

10 120 

22 0” 

19 659 

12 0° 

10 457 

22 5° 

20 265 

12 5° 

10 804 

23 0° 

20 888 

13 0° 

11 162 

23-5° 

21 528 

13 5° 

11 530 

24 0° 

22 184 

140° 

11 908 

24 5° 

22 858 

14 5° 

12 298 

25 0° 

23 550 

15 0° 

12 699 



WEIGHT OF 1 L OF 

YAHIOUS 

DRY GASES 


At 0° C and 760 mm. 


Hydrogen 



0*08988 g 

Oxygen 



142923 „ 

Nitrogen 



1 2505 „ 

Nitric oxide 


1*3412 „ 
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THEORETICAL MECHANICS (Solids and Liquids ) 2s 

2 



iJ/CiMijzSVr— M agnetism and electricity and 

THE P|fcciPLES OF ELECTRICAL MEASUREMENT By S S 
RicharIson, B Sc Ss net 

ELEMENTARY INORGANIC CHEMISTRY Theo- 
leitcal and Pjactical With a coiiise of chemical anal} sis and a 
series of Examples in Chemical Arithmetic By Prof A Humboldt 
Sexton, F I C , F C S 2.s (id 

SUDBOROUGH AND JAMES ~ PRACTICAL ORGANIC 
CHEMISTRY By Piof J J Sudborocch, Ph D , D Sc , 
F I C , and T Campbell James, M A , B Sc 5 ^ net 

TIMPANY—TVL'E. ARITHMETIC OF ELEMENTARY 
PHYSICS AND CHEMISTRY ByH M Timpaxy, M Sc 

CHEMISTRY LECTURE NOTES B} G E Welch, 
B Sc is 6d 


BIOLOGY 

Including Botany, Physiology, Hygiene, &c. 

CLAHK—AN ELEMENTARY TEXTBOOK OF ANATOMY. 

By Professoi Henry Edward Clark Illustrated 

CLAXTON—MKTilOBlCAl. NATURE STUDY By Wm J 
Claxton Fully illustiated with coloured and black-and-white 
plates 6s 

ELEMENTARY PHYSIOLOGY By Prof J R Ains- 
worth Davis, M A With Appendix foi Agucultural Students 2s 

DOUGLAS— THK LAWS OF HEALTH A Plandbook of School 
Hygiene By Carstairs C Douglas, M D , D Sc , F R S E 35 - net 

ELKINGTON—HK ALTH IN THE SCHOOL or. Hygiene for 
Teachers By J S C Elkington, M D , D P H Illustrated* 
2s net 

ELLIOT—A FIRST COURSE IN PRACTICAL BOTANY* 
By G F ScoTi Elliot, MA,BSc,FLS,FRGS With over 
150 Illustrations 3 ^ 6d 

NATURE STUDIES (Plant Life) B> G F Scott 

Elliot, M A , B Sc , F L S Fully illustrated is 6d 

SEASONAL BOTANY. By M O’Brien Harris, 
D Sc Interleaved %d 

KERNER—YYiE. NATURAL HISTORY OF PLANTS Their 
Forms, Growth, Reproduction, and Distribution From the 
German of the late Anton Keener von Marilaun, by F W. 
Oliver, M A , D Sc , with the assistance of Lady Busk, B Sc , 
and Mrs M F Macdonald, B Sc 2000 Illustrations In two 
volumes, 30 ^ net 
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KNIGHT— 1^00T> AND ITS FUNCTIONS. Textbook foi 
Students of Cookery By James Knight, M A , SB Sc , D Sc 
Illustrated 2S 6d 

ELEMENTARY PHYSIOLOGY By Vincfnt T 

MURCHE 2S 

OX/Kg'i?— ELEMENTARY BOTANY By Joseph W Oliver. 
New Edition Edited by W B Grove, M A 2 ^ 

the STUDENT’S INTRODUCTORY TEXTBOOK 

OF SYSTEMATIC BOTANY By J W Oliver 4s 6d 
PEDLEY AND HARRISON— OXI'R TEETH How Built Up, 
How Destroyed, How Preserved. Desciibed and illustiated 
by R. Denison Pedley, FRCSEd, LDS Eng , and Frank 
Harrison, M R C S Eng , L D S Ed Richly illustrated from 
Microscope Photographs Demy 8 vo, 51 net 
STORES — ANCIENT PLANTS A simple account of the past 
vegetation of the Earth and of recent impoitant discoveries made m 
that realm of Nature Study By Marie C Stopes, D Sc , Ph.D 
4 r 6d net. 

THE STUDY OF PLANT LIFE FOR YOUNG 

PEOPLE By Marie C Stopes Fully illustiated 3 ^- 6d 
THOMSON— TnY. SCIENCE OF LIFE An outline of the 
History of Biology and its lecent advances By Prof J Ariiiur 
Thomson, M A 2 s 6d 

IVAKEFIELD—Y>'LE.ME1<1'£A'RY HYGIENE By H Ro^^L\ND 
Wakefield 2 s 

ELEMENTARY HYGIENE AND PHYSIOLOGY 

By H Rowland Wakefield 2 s 6d 

agriculture, etc. 

AGRICULTURIST’S CALCULATOR, THE A Senes of Forty- 
six 'Tables foi Land Measuring, Draining, Manuring, Planting, 
Weight of Hay and Cattle by Measuiement, Building, &c Forming 
a complete ready-reckoner for all engaged in Agiiculture F’cap 8 vo 
Bound ki roan, gs 

PLANT DISEASES Translated from the Geiman of 
Dr Werner F Bruck and edited by Professoi J R. Ainswotuh 
Davis, M A 2s net. 

ELEMENTARY PHYSIOLOGY. With Appendix for 
Agiicultural Students By Prof. J R Ainswori H DAVib, M A 2S 

PLANT DISEASES See unde?' Bruck 

FLEISCHMANN—Tld'E BOOK OF THE DAIRY A Manual 
of the Science and Practice of Dairy Work Translated from the 
German of W. Fleischmann, Ph D , by C M AIKMA^, M.A , 
Sc D , F.R.S E , FIC, and Professoi Sii Robert PAaRiCK 
Wright, FHAS,FRSE Fully illustrated. Demy 8 vo, loj 6d 
4 



T!lm l^INCIPLES OF HORTICULTURE A 

senes of J^actical Scientific Lessons By Wilfred !Mark Wp.bb, 
L S ftlustrated. F'cap 4to, 2 s net 

WRIGHT— TKR PRINCIPLES OF AGRICULTURE By 
Prof Sir Robert Patrick Wright, F H A.S , F R S E is 6d 

GEOLOGY, MINING, ETC. 

SORA/S*— SAFETY IN COAL MINES A Textbook of Funda- 
mental Principles for Firemen and other Workers m Mines By 
Professor Daniel Burns, M Inst M E Illustrated 2 s 6d net 

DRON—TU'E COAL-FIELDS OF SCOTLAND By Roblri 
W Dron, am. ice, mime Demy 8\o, 15^- net 

FORBES— STEPS IN COAL-MINING For use in 
Supplementaiy and Continuation Classes By Alexander Forbes, 
M Inst M E Illustrated 2 s 6d 

GREGORY— O'EOQ'RK'PVLY Structural, Physical, Comparative. 
A Textbook for Advanced Students By Prof J W Gregory, 
D Sc , F R S With a senes of specially constructed Colouied Maps, 
and Sketch Maps and Plans in Black-and- White net 

PHYSICAL AND STRUCTURAL GEOGRAPHY 

By Professor J W Gregory, D Sc , F R S Being the Intioductory 
Part of the above, printed separately with Plates and Colouied Maps 
2s 6d 

HARRISON- A TEXTBOOK OF GEOLOGY An Introduction 
to the Study of Rocks and their Contents By W Jeromf H \rkison, 
F G.S 3^ 6d 

ELEMENTS OF METALLURGY By W 
Jerome Harrison, F G S , and William J Harrison Illus- 
trated 2S 6d 

ELEMENTARY TEXTBOOK OF COAL-MINING 

By Roberi Peel, Mining Engineei Nezu Edition Remodelled 
and enlaiged Illustrated 31 

SCHWARZ— GEOLOGY By Piofessoi E 11 L 
‘^CHW VRZ, ARCS, F G S Illustiated Demy 8vu, 7\ (yd net 

SOUTH AFRICAN GEOLOGY By Piofessoi E tX L 

Schwarz Illustrated 3^ (yd net 

SEXTON— AND REFRACTORY MATERIALS, By 
Prof A Humboldi Sexton, F I C , F C S New Edition 5^ net 

STORES — ANCIENT PLANTS A simple account of the past 
vegetation of the Eaith and of lecent important discoveries m thit 
realm of Nature-Study. B}' Marie C Siopes,D Sc , Ph D 4^ 6^/ net 
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ENGINEERING 

CLARK— MANUAL OF RULES, TABLES, AND D 5 TA 
FOR MECHANICAL ENGINEERS By Daniel Kinnear 
Clark, M Inst C E , M I M E Demy 8vo, cloth, i6i , half-moroccijJ 

20S 

J 5 Xi:/ 5 ‘-ELEMENTARY PRINCIPLES OF ALTERNAT- 
ING-CURRENT DYNAMO DESIGN By A G Ellis, 
A C G I 5 A Am I E E 12s net 

THE GEOMETRY OF THE SCREW PRO- 
PELLER By William J Goudie, B Sc net 

ELECTRICAL ENGINEERING MEASURING 
INSTRUMENTS By G D Aspinall Parr, M Inst E E , 
A ]M I Mech E With 370 Illustiations Demy Svo, gs net 

ELEMENTARY ELECTRICAL ENGINEERING. 
By J W Shaxby, B Sc Illustrated $s net 

ARCHITECTURE, BUILDING, etc. 

CROSSKKy— ELEMENTARY PERSPECTIVE Airanged to 
meet the requirements of architects, diaughtsmen, and art students 
By Lewes R Crosskey Fully illustrated Imperial 8vo, 3^' 

CROSSKEY AND THAW- ADVANCED PERSPECTIVE, 
vohing the diawing of objects when placed in oblique positions, 
shadows, and reflections Arranged to meet the requirements of 
architects, draughtsmen, and ait students By Lewes R Crosskey 
and James Thaw Fully illustiated Impeiial Svo, 4s 6d 

ELEMENTARY BUILDING CONSTRUCTION 
AND DRAWING FOR SCOTTISH STUDENTS ^By 
Prof Charles Gourlay, B Sc With 24 plates and full descriptive 
letteipress di' net Plates of the above, with introduction, done up 
in portfolio 3^“ 6d net 

MHNTYRE-A TEXTBOOK OF SCIOGRAPHY By J H A. 
M'lNi'iRE, M I Mech E , Whitwoith Scholai Imperial Svo, 35- 6d 

PEDD/E— THE PRACTICAL MEASURER or, Tradesman 
and Wood Merchant’s Assistant A series of tables foi the use 
of wood merchants, builders, carpenters, joiners, sawyeis, plasterers, 
painters, glaziers, masons, bnchlayers, &c With a treatise on the 
mensuration of superficies and solids By Alexander Peddie 
Illustiated with diagrams and examples F’cap Svo, bound m roan, 
*]s 6d 

EE/E~BUILDING CONSTRUCTION AND ARCHL 
TECTURAL DRAWING By JOHN A Reid Consisting of iS 
plates 15" X 10", with full descnptive text. In poitfolio, 4,r net 



PUBLIC HEALTH, ETC. 

DOUGLAS— LAWS OF HEALTH A Handbook of School 
Hygieifte foi Teachers By Ca.rstairs C Douglas, M D , D Sc , 
F R S E Illustrated 3 x net 

ELKINGTON—B.'BA'Lr'H. IN THE SCHOOL or, Hygiene for 
Teachers By J S C Elkington, M D , D P H 2 s net 

MACEWEN—'FOOT> INSPECTION A Piactical Handbook By 
Hugh A Macewen, MB, Ch B (Glas ), D P H (Lond ), 
DPI! (Cantab ) Illustrated net 

THE PUBLIC MILK SUPPLY A Practical Handbook 

By Hugh A Macewen Illustiated 2 s 6d net 

PEDLEY AND HARRISON—OUR TEETH How Built Up, 
How Destroyed, How Preserved Desciibed and Illustrated 
by R Denison Pedley, FRCSEd, LDS Eng , and Frank 
Harrison, M R C S Eng , L D S Ed Richly illustiated. 5 r net 

SCIENTIFIC METHOD 

IVESTArVAr—SCl-E'NTlFlC METHOD Its Philosophy and its 
Practice By F W Westaway 6s 

MATHEMATICS 

B. 4 i?i^-PRACTICAL MATHEMATICS. Embodying a Prepaia- 
tory Technical Couise for Craftsmen By T Barr, B A 2s net 
EXPERIMENTAL TRIGONOMETRY ByR C 
Bridgett, M a , B Sc , F C S is 

BRJDGETT AND raZOP— T R I G O N O M E T R Y Theoreiital 
and Practical Embodying Giaphic and other Solutions By R C 
Bridgett, M A , B Sc , & William Hyslop, M A , B Sc 4 ^ 6d 

CAIN— A BRIEF COURSE IN THE CALCULUS By Prof 
William Cain, A M , C E. Second Edition 6s net 

DAVISON— EASY MATHEMATICAL PROBLEM 
PAPERS By Charles Davison, Sc D 2 s With Answers 
and Hints for Solution. 2 s 6d 

DILWORTH—A NEW SEQUEL TO EUCLID By Piofessor 
W J Dilworth, M a 2s 6d 

DOUGALL—YESY PAPERS IN MATHEMATICS Scottish 
University Preliminary — Higher and Intermediate Standaid Ar- 
ranged by John Dougali, M A With Answers, is 

JIAJVN/NS— ELEMENTARY GEOMETRY OF THE 
STRAIGHT LINE, CIRCLE, AND PLANE RECTI- 
LINEAL FIGURES B> Clcil PIawkins, M A 3 ^ 6d 
Neji, net 
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KERR— ALGEBRA. Up to and IncludiiNG*^ ProVressions and 
S cA-LFS oi< N0TA.TION By J G Kerr, M A 2 s Wth 

Answers, 2s 6d 

CONSTRUCTIVE GEOMETRY Being st^s in the 

synthesis of ideas legaiding the properties and lelations of geometricri 
figuies, arranged foi the First Year’s Course in Science is 

ALGEBRAIC FACTORS How to Find ihem and 
How TO Use them B> Di W T Knighi 2 s Key, 3^- 6^ net 
LAYNG—A GENERAL TEXTBOOK OF ELEMENTARY 
ALGEBRA By A E LayiNG, M A Complete, uiih 01 without 
Answeis, 4^ (id , 01 in two volumes, with or without Answ^ers, 
2 s 6d each Book I — Tc) Quadratic Equations Book II — To 
Binomial Theorem, Exponen^al and Logaiithimc Senes Exercises 
ONLY — Exercises to Book I is With Answ^eis, is 6 d Exercises 
to Book 11 IS 6 d With Answeis, 2r 

A FIRST COURSE OF ALGEBRA Embodying Giaphic 

and othei Solutions and Applications to Aiithmetic and Geometi, 
and forming a biief Fust Couise With 01 without Answers 2 s 6d 
EUCLID’S ELEMENTS OF GEOMETRY With Ex- 
ercises, Appendix, and Examination Papeis Books I to VI, and XI 
3 J- 6d Book I, ij- , II, 6d , III, is , IV, 6d , V and VI together, 
is , XI, is 6d Books I-II, is id , I-III, 2 s , I-IV, 2^ (id 
Key to Complete Book, 5^- net 

INTERMEDIATE GEOMETRY Expeiimental, 
Theoretical, Practical By A Leighton, M A , B Sc is 6d 

ELEMENTARY MATHEMATICS Algebia and Geo- 

meti\ B\ A Leigh 1 ON, M A , B Sc 2i“ 

LOGARITHMS'— A HANDY BOOK OF LOGARITHMS 
With Practical Geonietiical Appendix Deni) 8vo, cloth, 2s 
LKS'TS'R— MATHEMATICAL FACTS AND FORMULAE. 
Being Hints to Junioi Students in Arithmetic, Algebra, and Plane 
Trigonometiy By A E Lysper, M A Limp, gd , boarcis, is 
MILLAR — AN INTRODUCTION TO THE DIFFEREN 
TIAL AND INTEGRAL CALCULUS With examples of ap- 
plications to Mechanical Problems By W J Millar, C E is 6d, 
PIKKERTOH— ELEMENTARY TEXTBOOK OF TRIGO 
NOMETRY By Prof R H Pinkerton, B A (Oxon) 2s 
RODGEk— AN INTRODUCTION TO THE USE OF COM 
MON LOGARITHMS By James Rodger, BA is 
SCHMALL—A FIRST COURSE IN ANALYTICAL GEO 
METRY — Plane and Solid With numerous Examples By 
Charles N Schmall 6 s net 

TURNBULL— ELEMENTARY PLANE GEOMETRY. B) 

V M Turnbull, M A 2s 
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